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4 Z being an uſual Complaint with theſe 

© whoareunacquainted with Geometry, 
| that they are diſcouraged by the Mathe- 
matical Demonſtrations, from peruſing 
Books of Natural Philoſophy ; ; 1 appre- 


Hended that ſome Papers 1 had drawn 


up for the Uſe of my Pupils in the 
Univerſity, would not be e altogether zen- 
acceptable, if publiſhed in ſuch Form, 
that the Pr ggf ions, or 2 of 
the Book, might be read without Inter- 
ruption "from the Demonſtrations. I 
have therefore in the following Treatiſe 
laid doom the ſaid Propoſu tions, and en- 
deavoured to prove them in a familiar 
and eaſy Manner, without Geometry, by 


|. Wap 3 143 And for the ale of thoſe 
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| eoho are flilled in that Science, have 
added the Demonſtrations, with ſome 
occaſional Remarks, by way of Notes. 
And whereas the Writers on this Sub- 
jeci have appropriated to themſelves a 
 Stile. too technical for Beginners, I 
have, in hopes of being more eafily un- 
derfiopd, ſometimes choſe a plainer and 
more popular Way of Expreſſion, though 
perhaps not always ſo accurate. 


In the I e zo the fb Part, 
Motrice is taken of the Method of Philo- 
ſophiſing made U/ſz of by Des Cartes, 
and others before him, ſo far as the 
Defign of this Compendium required, 
T ſhall add here a few Confiderations 
relating to the M ethod which prevails 
at this Time. 

In the preſent Method of Phileſop þi- 
ing, all Matter js conſidered (with re- 
Hp ec; to its Subſtance) as homogeneous, 

r of the ſame Kind; and no other 
Caf or Principle of Afton in Matter 

5 ** 
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is allowed of, but what is well eftabl; ſhed 


8 Pads. 


Some Philoſo phers admit Elementary 
Fire, as they call it, among their Prin- 
ciples ; or, which comes to the ſame 
thing, they confider Fire as endowed 
with active Powers diftint from thoſe 
of other Matter. Keill, in his Letter 
zo Dr. Cockburn, De Legibus At- 
tractionis, aliiſque Phyſices Principiis, 
makes uſe of three Principles, viz. 1. 
Empty Space. 2. The infinite D Divi- 
Chility of Quantity. 3. The Attrac- 
tion of Matter. And affirms, char all 
Phyſics depend thereon, _ 

7% firſt of his Principles the Reader 
may perhaps think ridiculous ; but he 

may confider, that at that Time of Day, 
the Motion of à Plenum was not wholly 
exploded ; The laying down Empty Space 
48 a firſt Principle was only calling us 
| for Elbow-Room and à clear Stage. 
Hut not to trouble the Reader 
with what others have done, I havg 
A 5 4 . 
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| choſen and every where fluch to three; 
and as oft as Phænomenon occurred, 
 awhich T could not account for by them, 


] have given it up as a Difficulty ; not 
 deſpairing, but that when all the Cir- 


cumflances of the Phenomenon fall be 
zboroughly known, they alone may be 
found ſufficient, It ſeems not confiſtent 


with the Regard a Philo oſopher ſhould 


| have to ihe Uniformity of Wature, 
every where obſervable, to call in a 


new Principle at every hnotty Point. 
Thoſe which I make uſe of are, 
Firſt, Attraction of Gravitation. 


Dat is, a Diſpoſition in Bodies to 


amo towards each other, even when at 
great Diſtances aſunder. 

Secondly, Attraction of Coheſion. 
That is, a like Diſpoſition in Bodies to 
- zove towards each other, but d; eine? 


from the former, in as much as it is 


obſerved to tale Place only when the 
Bodies are very near together. 

Thirdly, Repulſion, or a Diſpoſition 
in Kaden W in ſome Caſes they 


enaeauour 
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endeavour to avoid, or 2 from each 
* Wn. 
The firſt of theſe i 7s Matter of We ; 
ron Thus a Ball let &0 78 
the Hand falls to the Ground. 8 

The ſecond may be een in the fol I 
lowing Inſtance.” A ſmall Portion 0 4 75 l 
Fluid forms itſelf into a Sphere or” 
Drop: Which can only happen from 
a Di /poſs tion in the Particles of which 
1 conf, ifts, to come as near as poſt ble to 
each other. 


An 1 nſtance of the third is this. J # 
Air incloſed in a B ladder, be ſqucezed 
into a leſs Compaſs, the Air within, 
when the Preſſure is taken off, reſtores. 
the Bladder to its former Size: A 
plain Indication that the Particles of 
which the Air com ſiſts, endeavour, to -o- 
avoid or ty from each other (a). axial Dt 


A. a 4 


* 


Theſe Diſpoſitions in | Bodies 5 
the Reſult of any. Mechanical Cauſe 


(a) See another Inſtance of this Diſpoſiti tion, in Fart III. 
Peg 161, Note m of this Compendium. 
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whatever ; that is, ſuch as may ariſe 
from the Effluvia of Bodies, or the Ace- 


9 on of any other material Subſtance (b): 


They are therefore the Act of an imma- 
terial Cauſe, in Virtue of which inactive 
Matter per forms the Offices for which it 

From 


(b) Demonſtration, In the frft Place it is well known, 


| that if Gravity acts upon Bodies with the ſame Degree of 


Intenſeneſs, whether they be in Motion or at Reſt, it may 
be demonſirated, that Bodies, when projected, will deſcribe 
Parabola's ; and that ohen vibrating in Cycloids, their 
Vibrations will be iſocronous, &c. In the next Place it 


is as well known, that Bodies when projected dv deſcribe 
Parabola's, and that when vibrating in Cycloids, their 


Vibrations are iſocronous, &c. From which two Prope- 


fitions it demonſiratively follows, that if Gravity be the 
Cauſe of the above-mentioned Effefts, it muſi act upon 


Bodies with the ſame Force, whether they be in Motion 
or at Reſt. MU... bY 

Again, it 1s well known, that, if AttraQtion of Coheſion 
aets upon Rays of Light with the ſame Degree of Intenſe- 


neſs, whatever be the Velocity they move with, it may be 
demonſtrated, that the Ratio of the Sine of the Angle of 


Incidence to the Sine of the Angle of Refraftion, will be 


given. But in Refraction of Light, the Ratio of thoſe 
Hines is given in Fatt; if therefore Attraction of Coheſion 


be the Cauſe of the Refraction of Light, it muſt act upon 


Rays of Light with the ſame Intenſeneſi, whatever Velocity 
they move with, 2 OS 
But no Effluvia of Bodies, no material Subſtance, and 
n ſhort no material Cauſe whatever, can af? with the 
ſame Intenſeneſs, or have the ſame Effeft upon a Bech in 


Motion, as upon the ſame Body at Reſt ; becauſe as it is 


very 
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From the firſt and third Principle (e), 
that is, from the Attractiun of Gravita- 

tion and Cobeſion, together with the Pro- 
perties of Matter enumerated in the ff 
Chapter of this Compendium, which 
Properties muſt be always ſuppoſed, the 
_ Elaſticity or Spring of the Air, and from 
thence the Nature and Propagation of 
Sound are accounted for. And from 
the Spring of the Air confidered as being 
augmented by Heat, and diminiſhed by 
Cold, as it is obſerved to be, and the Airs 


very well known to Mathematicians, to whom I addreſs this | 
Note, Body can only act upon Body, according to the Sum 
or Difference of their Motions. It remains therefore, that 
the two Diſpoſitions herein mentioned, are not the Reſult of 
any material Cauſe whatever : Which is one Part of the 
| Propoſition to be demonſtrated. 1 
As to the otber Diſpoſition in Bodies, their Repulſion, 
fince Rays of Ligbt are alſo affetted by it, as it appears they 
are by an Experiment of Sir Iſaac Newton's, referred to in 
the foregoing Note, it may very reaſonably be ſuppoſed, though 
zoe don't at preſent know the erac! Law of its Action, 10 
affet? Bodies in Motion after the ſame Manner that it would 
do the fame at Reſt, and that it therefore is alſo the Reſult 
of no material Cauſe whatever. 1 
(e) The Law. or Manner wherein theſe Principles are 
obſerved to af? in different Circumſtances, are determined 
from Facts, in Part I. Chap. 3. The Law of the third, 
ſo far as it relates to the Air, will be found in Part Il. 
Cbap. 3. of this Compendium. 
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being at tbe Jamie time affeted by the fir [? 
Principle, viz. that of Gravitation, the | 
Phenomena of the Winds are explained. 
By the ſecond Principle, the Cabeſion of 


Matter, the various Degrees of Hard- 


meſs obſervable in it, the Diſſolution of 
Boaies by Fluids, with other chemical 
Operations; and in particular the Phæ- 


nomena o/ Fermentation, and conſequent- 


ly the Cauſes of Thunder and Lightning, 


&c. By this Principle alſo the rifmg of 


Fluids in ſmall Tubes, and from thence 
the Aſcent of Sap in V egetables are ac- 


counted for; all which Particulars, er- 


cept the two firſt, are treated of in the 


ſecond Part of this Compendium: As 


alſo the Refra&tion of Light, and conſe- 
quently all that Train of Phænomena de- 


1 thereon, which is the Subject of 
the third Part. By the jirſt Principle, 


the ſeveral C Man ces relating to 


falling. Bodies, and to the Motion of 


Profectiles, together with the Doctrine 


aud 


of Pendulums, / rreated N in the fit ) 
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and likewiſe all thoſe which relate to 
the Preſſure of Fluids (treated of in 
the ſecond Part) are determined. And 
above all is deduced that moſt curious 
Do@rine of central Forces, juſt touched 
upon in the firſt, but largely and fully 
explained in the fourth Part, by which 
(aſſuming that the heavenly Bodies were 
at firſt put into Motion by their Creator 
we are enabled to afſign the Cauſe of 
the Continuation' thereof, with all its 
Modifications and Irregularities ; to 
determine the neceſſary Shape of thoſe 
Bodies; and to account for the ebbing 
and flowing of the Sea, &c. Difficul- 
ties, too great ſeemingly 55 N 
| Reaſon to ſurmonnt ] | 
Some of the Phenomena - which I 
have not been able to give a ſatisfa&ory 
Account of, from the above-mentioned 
Principles, are the Reflection of Light, 
its Emiſſion from luminous Bodies, and 
. the Formation and Aſcent of Vapour. 
This may be only owing to the want of 
better Acquaintance with the Circum- 
' ffances 


xii P RE F A C E. 
fances of thoſe Phænomena; that 18, 


more ſufficient Data, or Fag. 70 found 
their Solution upon: So that we are 


nor 10 conclude immediately, that the 
Principles are inſufficient ; but rather 


0 wait with Patience: The Diligence 


of others may render that eaſy, which 
our utmoſt Efforts at en are 70k 
able to JT. 


However, as a Reader unacquainted 


with Studies of this Kind, may wonder 
that ſo many of the Phznomena or Ap- 
pearances of Nature, ſhould be ac- 
counted for by ſo few Principles; and 
becauſe it may be a Means of giving 
him ſome Inſight into the Subjed q 

theſe Sheets, I will here lay = the 


following Propoſitions, — 2 are imme 


diately deducible from the Principles, 
and alſo nearly connected with the Phæ- 
| nomena 20 be accounted for by them; 


by means of which, he will more : real 
perceive the C nnefton or Relation />d - 


tween rhe one and the other. 
PROPos! TION 


PREFACE. Xiu 
ProPoSITION | 


Matter is an unactive Subllance ;\ 3 


that 1 is, it is quite indifferent either to 


Motion or Reſt; inſomuch that the 


| leaſt Force imaginable acting upon it 
will move it, if at Reſt; and alter 


its Courſe when moving: And further 
no Body has a Power either of putting 


itſelf into Motion, or of ſtopping or 


altering its Courſe when it does move. 
Notwithſtanding which, every Body 


acts upon all others provided their 


Diſtances be not too great) perpe- 


tually endeavouring to put them into | 


Motion. 


Hence we have the true Idea of the 


Gravity or Weight of Bodies belonging 


zo the Earth, and their Diſpoſition to 
deſcend towards it on all Occaſions. 


| Thoſe Bodies are equally indifferent to 


Motion or Reſt; but by Virtue of the 


frft Principle, that is, by their Attrac-' 


Zion * Gravitation {as . defined) 
me 


* EE — nm 4 * * 8 
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they are drawn towards the $1 un, the 


; Man; the reſt of the Planets, and the 


Earth; but towards this laſt more ſirong— 
ly har towards any of the ret; and ſo 
they tend, gravitate, or are heavy towards 
ahh The Reaſon that they are attracted 


more forcibly towards the Earth, than 
towards thoſe other Bodies, is, that al- 


though it be one of the Laws of this Kind 
of Alitradtion, that it operates according 
zo the Quantity of Matter in Bodies, 
and therefore the Attraction of the Sun 


ſhould be the moſt prevalent, in as much 


as that Body contains the moſt Matter; 


yet it is another Law of that Principle, 


that it acts more flrongly according to the 


nearneſs of Bodies to each other : This lat. 


ter Conſideratios in the preſent Caſe, over- 
balances the former ; and 2 the B odies 
about ws tend towards the Earth, 


PO OST LON II. 


If a large round Body be covered 
every where with ſmaller ones to an 


equal Height or Diſtance from its Sur- 


face ; 


2 0 I — * 
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face; and if thoſe ſmaller ones tend to- 
wards the large Body, by virtue of the 


firſt Principle, and are, at the fame time, 


diſpoſed to fly from each other by virtue 
of thethird; that is, by a repelling Power 
inherent in them; and ſuppoſing far- 


ther, that when they touch or are very 
near each other, their Diſpoſition to 


avoid each other exceeds their Tendency 
to the large Body, and when they are at 
a certain greater Diſtance from each 
other, that Diſpoſition is leſs than their 


Tendency to the large Body: Then will 
thoſe ſmaller Bodies keep at certain 


Diſtances from each other, and conſti- 


tute an elastic, compreſſible Subſtance 


ſurrounding that large Body, and gra- 
vitating towards it on all Sides. 


Hence an Idea of the Mature and 
Condition of the Atmoſphere ſurround- 
ng 1 the Earth, with all its Properties. 

N. B. When 1 jay a Body tends 10 
another, I don mean that it moves to- 
wards it, out only that it would move 

towards 


+a» 
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zowards it, if nothing prevented. Thus, 
 @ Bird while mounting aloft into the 
Air, tends towards the Earth, as much 
as one that is falling down; for the one 
would fall as well as the ur if no- 
thing prevented. 


Fei 0 III. 


It, while the abovementioned ſmaller 
Bodies are in the State ſuppoſed in the 
foregoing Propoſition, any one, or more 
of them, be made to move (ſuppoſe for 
Inſtance half way) towards the next, it 
will by virtue of the third Diſpoſition, 
that is, its repulſive Force, drive orimpel 
thoſe it comes nearer to, cloſer together; 
which Bodies, when that other moves 
back again (as it will immediately do, 
being repelled by them) will recede from 
each other again: That is, a kind of 
tremulous Motion will be communi- 
cated to them by that other, and for * 
like Reaſon, by them to the next; 
ſo on through the whole, or at leaſt to a 


great Diſtance from where it began. 


A ence 


2 
» 
72 
75 
i 
oo y 
Z 
& 
? 1 
63 
if 
3 
72 
A 
5 kd 
nA 
WO, 
2 
14.73% 
* 
1 
7 
* 
by. 
9 
158 
4h 
22 
8 
* 
2 
1 "# 
wh 
Fs 
4 
DW 
2 
i 
4 
2 
2 
* 
4 
4 © 
* 
3 
9 5 
+ $i 
- 
5 
£ 
Ph 
25 
8 
) 
9 
Ys 
i 
an 
wn 
: 
„ 
Wt 
0 
4 
, 
* 
B+ 
2 
wa : 
BE 
= 
"#4 4s N 
3% 4; 
3 * 
Ft 
1 
ne 
1, EN 
N 
5 
9 2 Nv 
51 
3 
. 
: a N 
i 12 . 
. 
s 
Cy 
. 


PREFACE. avi 


Hence we may form an 1 dea how 
Sound 7s excited by the Tremors of a 


Body during its Vibration, and propa- 


2 through the Air. 


PRO POSITION IV. 


One of the Laws by which the ſecond 


Principle of the Attraction of Cohe- 
ſion, is obſerved to act, is, that Bodies 


act upon one another, not in Proportion 


to the Quantity of Matter they contain, 
as by the firſt Principle; but only ac- 
cording to the Largeneſ of their Sur- 


faces, and the Nearneſs of the Surface 
of one Body to that of another. 


From hence we may underſtand, that 


ſuch Particles of Podies as are flat or 
Square, and Jo ſituated among each other. 


as to touch or be Very near one another 


im many Points, will conſtitute what we 


call an. hard Body, and thoſe Particles 
So 1. 1 which 
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which are more round, or ſo fituated 


that leſs Portions of harr Surfaces are 
near together, will attract one another 
with a leſs Force, and ſo form a ſofter 


Body; thoſe which are round, or nearly 


fo, will attract one another ſtill leſs, 


and alſo ſlide more eaſily over one ano- 


ther, and ſo form what we call a fluid 


ProPOSITION V. 


When two Bodies meet together, if 


the Particles which conſtitute the one, 
be diſpoſed, by their Attraction of 


Coheſion, to move towards thoſe of the 
other with a greater Degree of Force, 
than the Particles of either Body are 


diſpoſed to move towards themſelves ; 


thoſe of the firſt will leave i it, and run 
in among thoſe of the Dean : And for 
the ſame Reaſon, thoſe of the ſecond 


will ſever from that, leave it and enter 


in between thoſe of the firſt, And if 
LEE PR. + 
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the Motion with which this is done, be 


very violent, and the Bodies be of the . 


inflammable K ind, their Particles by thus 


rubbing and claſhing one againſt ano- 
ther will be ſufficiently heated to take 
Fire, and will burſt out into Flame. 


Hence Diſſolutions, F ermentations, 
Exploſions, Eruptions of Vulcano's, 
Thunder, Lightning, Aurora Borealis. 


With all other Phænomena * that 


Tribe. 


Paorostrieox VI. 
* 


1 a e. open at both Ends, and of 
a a very {mall Bore, have one End dipped 


into Water, the Water will run up into 
the Pipe above the Surface of the Water 


on the Outſide (being drawn up by the 
Tendency i it has by the Principle of At- 
traction of Coheſion, towards that Part 


of the inner Surface of the Pipe, which 
is juſt above it, as it riſes) till that inner 


b 1 Sprface , 2 
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Surface which is ſtill Juſt above it, be 


loaded with as great a Weight of - | 


Water as that TY can — 


K a right M. otion of the "IO 


of Sap in Vegetables; the Suction of 1 
Fluids by Spunges : With all other 


Phænomena reducible to that Head. 


PROPHOSTITION VII. 


If a Body moving right forwards, 
but obliquely with reſpect to the Sur- 
face of another Body, at length comes 
ſo near that Body as to be diſpoſed by the 


Principle of Attraction of Coheſion to 
tend towards it; inſtead of continuing 


to go right on, it will turn out of its 
Way towards that Body before it comes 
at it; and conſequently will ſtrike or 
enter it in a nearer Place, and in a leſs 


oblique Direction, than it would have 


done, in caſe it had gone right on. If it 


enters the Body, it till eps turning 


| out 
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out of its Courſe the ſame Way as be- 
fore, till it has got ſo far within it, that 
there ſhall be as many Particles of the 
Body behind it to attract it backwards, 
as there are before it near enough to 
attract it forwards : After which it goes 
right « on in its laſt acquired Direction, 
till it comes near the other Side; for 
while it is ſurrounded with as many 
Particles to attract it one Way as ano- 
ther, it is the ſame thing as if it were 

not attracted at all. When it has 
got ſo near the other Side, that there 
are fewer Particles before it to attract it 
forwards, than there are behind it, near 
enough to attract it backwards, it then 
begins to turn out of its Courſe towards 
the inſide of the Body; that is, from 
that Side of the Body towards which 
it is going; and continues to bend its 


Courſe the ſame Way, till it has got ſo 


far out of the Body, that there are no 


Particles of the Body behind it, near | 


enough to it to attract it any more. 
b 3 |  Aﬀter 


Ds 
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After which it purſues an undiſturbed 
Courſe: in the Direction it acquired 


laſt of all. 5 | | = 


Hence we have a juſt Idea of the 
Refraction of Light with all the Phæ- 
nomena ariſing therefrom ; which are 
210 other than [a many Caſes of this 
Propofi 71107. 


* 
* 


ProrosIT 10N VIII. 


If ſeveral Bodies be moving right 
forwards, and at length be attracted 
by another Body, as ſuppoſed in the 
foregoing Propoſition, but ſome with 


greater Degrees of Force or Intenſeneſs, 


than others; thoſe which are attracted 


with the greateſt Force, will turn the 


fartheſt out of their Way towards that 
Body; and conſequently if all of them, 
before this happened, were moving in 
one Direction, they will be made to 


part from each other, and move dif- 
ferent Ways. 


He ence 
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Hence an Idea of the different Re- 


frangibility of the Rays of Light. 
Proros1TION IX. 


If a Body be projected or thrown 
from another Body, towards which it 


has a Tendency in Conſequence of the | | 


firſt Principle, its Motion will be re- 


tarded continually ; that is, it will move 


ſlower and ſlower : If it be projected to- 
wards that Body, its Motion will be con- 
tinually increaſed; and unleſs it be made 
to move directly to or from it, its Courſe 
will always keep bending towards it, ſo 

that it ſhall deſcribe a Curve, concave, 


or hollow, on the Side next the Body. 


1 888 of falling 


Bodies, and of TION: 


PROPOSITION Xx 


Ifa Body, that hs the firſt Principle 


tends towards another Body, is ſuffered 


= + to 
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to move towards it on the Surface of an 
inclined Plane, its Motion (as in the 
foregoing Propoſition) will be continu- 


ally increaſed ; and if it is made to move 


from it on the ſame Plane, its Motion 
will be retarded continually, but leſs in 


Proportion to the Obliquity of the 


Plane: (that is, leſs in Proportion as the 
Plane deviates from the Perpendicular) 
the Interpoſition of the Plane prevent- 
ing in ſome Meaſure the Effect its Ten- 
dency to the other Body, would other- 
wiſe produce. And the Velocity it ac- 
quires by rolling down one Plane, will, 


by virtue of its Inactivity, or that Diſ- 


poſition Bodies have to continue their 
State of Motion or Reſt, enable it to roll 


up another fitly diſpoſed. 


* 


Hence the Solution of the Phzno- 
mena of Bodies deſcending on in- 
clined Planes; and the Vibration of 


Pendulums. 


PROPOSITION 
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PROrOSIT ION XI. 


If a Body, attracted towards ano- 
ther, be cauſed to move to or from 
it, in any other Direction than ſuch 
as paſſes through the Center of that 
other Body, the moving Body when 
left to itſelf, will begin to bend its 
Courſe towards that other Body; and 
if the Direction it moves in and the 
Velocity it moves with, be properly 
adjuſted to each other, it will move 
quite round that Body without touch- 
ing it or coming to it: and if that 
Adjuſtment be ſuch, that the Body 
ſhall return to the Place it ſet out 
from with the ſame Velocity and Di- 
rection it had when it was there be- 
fore, it will revolve round that other 
Body over and over again in the ſame 
Path. | 


0 


4” 
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From hence we have a Solution of 
the Motion of the primary Planets 
round the Sun, and of the ſecondary 
ones round the Primary, 


. PROPOSITION XII. 


If a Body be revolving. about ano- 
ther as in the laſt Propoſition, and a 
third Body a proaches them, towards 

which they boch ſhall alſo tend, the 
Motion of the revolving Body will be 
diſturbed : That is, its Path will be 
altered, and Irregularities in its Courſe 
will ke: ; becauſe its Tendency to 
that third Body in ſome Parts of its 
Courſe will conſpire with, and in others 
perhaps be oppoſite to its own Motion. 
And not only fo, but the Tendency it 
Has to the Body about which it revolves, 
will in ſome Situations be increaſed, and 
in others be diminiſhed by the Action 
of the third; which will alſo conduce 
_ towards altering its Courſe. 
W Hence 
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Hence the Lunar Irregularitics, and 
all other Diſturbances in the Motion 


of the Heavenly Bodies on their too 


near Approach towards each other. 
PrRoPOSITION XII. 


Imagine a haze Body covered all 


over with ſmaller ones tending to its 


Center: Suppoſe alſo a diſtant Body, 
towards which they all tend, but the 


little ones with leſs D Degrees of Force 


than they do towards the Body they 
cover. Then will ſuch of thoſ 
ſmaller Bodies, as are neareſt the dil. 
tant one, loſe Part of their Tendency 
to the Body they cover; and ſo will 


thoſe ſmaller ones which are fartheſt 
off, or placed on the oppoſite Side the 


large Body. But, as to thoſe ſmaller 


Bodies, which are at the ſame Diſ- 


tance from the diſtant Body with the 
Center of the large Body itſelf, their 
Tendency 


ö * _ — 
. ee bi Et 
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Tendency to the Body they lie upon, 


will be increaſed. The reſt will have 
their Tendency increaſed or diminiſhed 


more or leſs, according to their Near- 
neſs. to thoſe whoſe Tendency is in- 
creaſed or diminiſhed the moſt /d}. 


Hence ariſes the Difference in the 


Weights Bodies have upon the Earth's 


Surface, at the Approach and De- 
| parture of the Heavenly Bodies, (but 
chiefly of the Moon, ) to or from that 
Side of the Earth where the Bodies are; 
and conſequently the ebbing and Howing 
of the Sea, the Water riſing where its 
Weight or Tendency to the Earth is di- 
miniſhed, and ſinking at the ſame Time 
in thoſe Places where its Weight is 
augmented. That the Approach and 
Departure of the Moon ſhould cauſe a 


greater Difference in the Weight of 


Bodies on the Earth, than the Ap- 


(a) What is affirmed in this and the foregoing Propoſition, 
depends on a Train of Reaſoning too long to be inſerted here. 
To underſtand it throvghlys read * the 18th and 19th 


of Part the F owrth, 
proach. 


1 
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proach and Departure of the other 
Heavenly Bodies, is owing to the Mear- 


neſs of the Moon to the Earth; which 


Confideration in this Caſe overbalances 
the Conſideration of her Smallneſs, the 
above-mentioned Effects depending in a 
great Meaſure, on the Proportion the 
Diameter of the Barth bears to the 
Difiance of the Heavenly Bodies. 


ProrosITION XIV. 


If: a Body, whod Parts dend to the 
Center thereof, conſiſts wholly of a 
Fluid, or be partly ſolid and partly 
fluid, provided ſome of the Fluid be 
at the Surface, and very diſtant Parts 


thereof communicate with each other; 


and the Body have no Motion about 
its Axis, it will ſettle into a ſpherical 
Form, the mutual Tendency of its 


Parts towards each other, contracting 


it into the leaſt poſſible Shape. But 


if it revolves about its Axis, all its 


Parts 


| 11111 — es AL I tor 
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Parts will endeayour to fly off from 
that Axis; but ſuch as are fartheſt 
from the Axis, more than the reft : 
Conſequently thoſe Parts in its Surface, 
which are the fartheſt from the Err. 
tremities of that Axis, being alſo far= AF 
theſt from the Axis itſelf, will have a 
greater Endeavour to fly off, than 
ſuch as are nearer thoſe Extremities ; 
beſides, as is evident, the former will 
endeavour to fly off directly from the 
Center, but the latter not ſo. The 
above- mentioned Endeavour therefore 
in the former will take off a much 
greater Degree of their Tendency to 
the Center than the Endeavour of the 
latter will; and ſince the ſame may 
be ſaid of thoſe which are at any other 
aſſignable equal Diſtances from the 
Center, all thoſe which lie between 
the Center of the Body, and ſuch, as 
are fartheſt from the Extremities of 
the Axis, will have their Tendency to 


the Center much more diminiſhed ; 
than | 
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than thoſe will, which lie between the 
Center and the ſaid Extremities : Theſe 
latter Parts therefore will preſs in to- 
wards the Center, overbalance the for- 
mer, and raiſe them to a greater Diſ- 
tance from it than they were at before, 
reſtoring thereby an Equilibrium of the 
Parts of the Body one among another. 

On which Account the Body will aſ- 
ſume a flattiſh or oblate Form. That 
is, ſuppoſing Lines drawn through the 
Middle of its Axis at right Angles there- 
with, thoſe Lines will be lengthen'd and 
the Axis itſelf will be ſhorten'd. 


Hence the Figures of the Heavenly 
Bodies. 


PROPOSITION XV. 


The Impetus or Force wherewith a 
Body in Motion endeavours to proceed 
forwards, depends not only on the 
Quantity of Matter in that Body, but 

likewiſe 
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likewiſe on the Swiftneſs the Body moves 
with: Thus, tlie Stroke of an Hammer 
is not only according to the Bulk or 
Weight of its Hend, but is alſo accord- 
ing to the'Swifttieſs of che Motion it 
ſtrikes with. If therefore two Bodies 
of equal Quantities of Matter be ſuſ- 
pended at the Ends of a Lever of equal |} 
Arms, each of them when the Lever 
turns on its Center, having equal De- 
grees of Swiftneſs or 'Velocity, will 
therefore have the ſame Impetus or 
Force whereby they endeavour to pro- 
ceed (being in like Circumſtances with | 
reſpect to both thoſe things, which 
alone can give the one a Force or Ten- 
dency to move with, ſuperior to the 
other) and conſequently neither of them 
will preponderate. If one of the 
Bodies be larger than the other, the 
larger Body having the ſame Velocity 
with the other, but more Matter, will 
have the Advantage, and preponderate. 
If the Arms of the Lever are unequal, 
and 
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and the Bodies equal, that Body which 
is at the greateſt Diſtance from the 
Center of Motion, moving the quickeſt, 
will have the Advantage over the other 
that way, and overpoiſe it. So that 
the leaſt Body or Power, imaginable, 
may be made to equiponderate, over- 
poiſe, or keep in Motion the greateſt, 
by being applied to ſuch a Machine, 
and in ſuch Manner, that when the 
Machine moves, what it wants in 
Weight or Force, may be made out 
by = Velocity it has, compared with 
the Velocity the Body has at the ſame 
Time, which is to be equiponderated, 
overpoiled, or moved by it. 


\This holds equally in all Machines, 
and is the Foundation of their Theory. - 


by. PRoerosIT ION XVI. 


Imagine the "OPIN of a large round 


Tod to be © cover every where, or in 
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Part, with ſmaller ones to an equal 
Height, and that theſe ſmaller ones 
wh towande the large Body by the 

firſt Principle; imagine alſo the whole 
Maſs of ſmaller ones divided into Co- 
lumns reaching from Top to Bottom; 
thoſe Columns, if their Baſes be equal, 
will equiponderate, or be an equal 


Counterpoiſe to one another; and fo 
they will, if their Baſes be unequal : 


For in this Caſe the Columns being of 


unequal Size in Diameter, if a larger 


Column ſubſides, the lower Parts of | 


that Column (to find Room for them- 
ſelves) will raiſe a ſmaller Column 


farther than the larger one ſettled in 


the ſame time, and in ſuch Proportion 


that, what the little Column wants in 


Weight, will be made out to it in 


Bend - and conſequently, accord- 


ing to what was ſhewn in the fore- 


going Propoſition, the little Column 
will be a juſt Balance to the greater. 


Farther, 
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= Farther, if in the above-mentioned 
# Suppoſition, there be a Body among 
Z thoſe ſmaller ones, . heavier than a 
Bulk of them equal to its own Bulk, 
a Column of which that Body is a 
Part, will be heavier than any other 
Column of an equal Baſe; it will 
therefore ſubſide, permitting the Body 
to come to the Bottom: If the Body 
be lighter than a Bulk of the ſmaller 
ones equal to its own Bulk, a Column, 
of which it makes a Part, will be 
lighter than any other; the Body 
| x 127th will be buoy'd upwards, till 
it riſes ſo far out above the Surface, 
chat it, together with the Column 
below it, may be a Counterpoiſe to 
another Column of equal Baſe. 


Hes the Effects of the Preſſure of 
Fluids pon one another, und upon 
Solids immer ſed in them. 


C 2 Po- 
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Prorostrion XVII. 


Inv me che Süurſiee of a late 


round” Body covered every where, or 


in Part, with {ſmaller ones to an equal 
Hey it's and that theſe ſmaller ones 


tenc towards the large one by the firſt 
Principle, and that they are at the 
ſame time diſpoſed to fly from one 
another by Virtue of the third, con- 


ſtituting thereby an elaſtic Bas 
ſurtounding that large Body, as in 


Propoſition the ſecond; and let them 5 


be divided into Columns, as in the 


ther ſuppoſed, that the Diſpoſition in 


thoſe ſmaller Bodies, whereby they if 
endeavour to depart from each other, 
is capable of being increaſed by Heat; 


and that at the Bottom of ſome of 
theſe Columns, that Diſpoſition is ac- 
tually increaſed, but no where elſe, 


or at leaſt not in fo great a Degree: 


Then 
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Then will the Bodies, where that Diſ- 


poſition is increaſed, diffuſe them- 
ſelyes into a larger Space, and ſo 


taking up more Room than an equal 
N a By in the neighbouring Columns, 


a Column of which they are a Part, 


will become lighter than a neighhqur- 
ing one of an equal Baſe. For, ſince 
. the. Bodies in the lower Parts of this 
Column are more diſtant from each 
other, than ſuch as are in other Co- 
lumns, this Column cannot contain ſo 
many of them; that is, it cannot be 
ſo heavy as another of equal Baſe, un- 
leſs it be longer; t ; that is, unleſs the 
uppermoſt Parts thereof ſtand cut 
above the Tops of the neighbouring 


Columns; but this they will not do; 
for by Virtue, of the Tendency thoſe 
Parts have to the large Body, they 
will immediately (like Water raifed 
above the Banks, which before con- 


_ fined it) ſpread themſelves every Way. 


This Column therefore, which, ac- 
1 cording 
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cording to the foreging Propoſition, 
before this happened, was a Counter- 
poiſe to thoſe, which are round about 
it, being now become lighter, is no 
longer ſo. The Conſequence of which 
is, that the lowermoſt Parts of the 
neighbouring Columns, will preſs in 
under this from all Sides to reſtore the 
Equilibrium. Neither can the Equi- 
| librium be reſtored, ſo long as the 
| _= Place we have been conſidering re- 
1 mains hotter, than thoſe which are 
' round about it. For, ſince the Bodies, 
1 that come in, will ſpread themſelves 
= into a larger Space by Means of the | 
= Heat they receive there, and fill up 
more Room, than the like Number in 
another Column of equal Baſe, the 
Column to which they belong, will, 
for the Reaſons above-mentioned, = 3 | 
ways be lighter than another of equal | 
Baſe. And conſequently, according 
to the Tenour of the foregoing Pro- 
pofition, the neighbouring Columns 
; „ 1 
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will overpoiſe it, whatever Dimenſions, 
as to their Baſes, we ſuppoſe them to 


be of. 


Imagine the like to happen to a Co- 
lumm or Columns of the Earth's At- 
mnoſphere, and the lower Parts of the 
neighbouring Columns ruſhing in ac- 
cordingly at the Bottom from all round, 
and you have an adequate Idea of rhe 
Cauſe and Nature of the Winds; 
every Stream of the Particles of the 
Atmoſphere ruſhing in, as above, being 
a diſtin® Wind blowing from that 
Point of the Compaſs from which they 
come. And if you conceive the Center 
of that warmer Space to ſhift its Place 
variouſly upon the Surface of the 
Earth, you then get the Idea of the 
| ſeveral Sorts of them, as the Trade 
Winds, Monſoons, &c. For Inſtance, 
if it ſhifts regularly along the ſame 
Tatb it cauſes Trade Minds; if now 

= for wards, 
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forwards, and then backwards, Mo on- 

Laas „„ 
Id IAA a "A RI, VR 1 ply 24 
Theſe are the Principal Phænomena 

inc Matural Philoſophy: that are inde- 


| pendent. of each other; tbe reſt. are for 
the moſt Part, no other than ſo many 
particular Caſes, C ircumflances, or 


Conſequences of theſe, or, in ſhort, one 
way or. other related to them. For the 
Solution of which, I * the Reader 
70 the Book itſelf. e 


* a due 2 eee of the 


Propoſitions here laid daun, the Reader 


will be able to form a true Judgment of 
the Mature and Buſineſs of Natural 
Philoſophy 3 will ſee the Uniformity 
and 5 of the ſeveral Parts 
thereof with each other, and therein the 
wonderful Wiſdom and Contrivance of 
he ſupreme Being, in chooſing [0 ſhort 


f and eaſy a Method of producing fo great 


as, wy of Effefs. 
There 
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7 zere is one Thin g :more T 22051 
proper to be taken MWotice of, before I 
put an End this 'PPefote 3 viz. That 
it has been a flanding Objection againſt 
all Natural PhiloGphy - in general; ? 
that whereas it aſcribes E ec 10 nd. 
mpg by 
fixed and unalterable Laws, it there- 
fore excludes à Providence and the 
immediate Care and Protection 'of the 
ſupreme Being, making him no other 


than an 1 ale HS PPT 4 eye here 8 


14 


Nee 


below. 


In Anſwer to this, it is to be conſi- 
dered in the firſt Place, that the Prin- 
ciples of the Philoſophy which is now 
received, are ſo far from being mecha- 
nical Cauſes, at leaſt thoſe which are 
Here made Uſe of, that, as above demon- 
| frrated (a), they are the very Reverſe ; 
and conſequently can be no other than the 
continual acting of God upon Matter, 


(a). Ste Note (5) of this Preface, Page viii. 
either 
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either mediately or immediately. Conſe- 
quently Natural Philoſophy, by en- 
deavouring to account for the Phæno- 
mena of Mature by thoſe Principles, 
is ſo far from excluding the Deity 


i from being concerned in the A fairs of | 

= - this World; that it tends to ſbeu that 
mꝗ/one are performed without Him. 

il Weither, ſecondly, does Natural Philo- 

1 ſophy inculcate, that the Laws by which 

1 thoſe Principles act, are fixed 3 un- 

\| alterable : The Accuſation is therefore 

f foreign. But to conſider this Matter a a 

[i little more particularly. 

l ben, in Natural Philoſophy, a 
Principle is ſaid to. act according 70 
8 particular Law, the Meaning is not, 

i bat it acts neceſſarily and unalterably 

4 fo; but only, that it does fo a we : 
[0 and in common Caſes. Doubtleſs the 
if Author, both of Matter and of thoſe | 


very Principles by which it alis, can, 
notwithflanding thoſe Principles, cauſe 
it to act differently from what it would 

BR | de 
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do in conſequence of them alone, and ſo 
by that means produce Effects contrary 
to the common Courſe of Nature, when- 
ever he ſhall think proper. That he has 

done fo, when wiſe Ends required it, 
appears from Hiſtory. That it may be 
done a Thouſand Ways, unperceived by 
ws, is evident. For Inſtance, though 
Lightning may be accounted for by theſe 
Principles; and in all Probability is 

ordinarily the Reſult thereof; yet who 
mill affirm, that in any one particular 
Caſe, thoſe Principles formed that very 
Lightning, or that its Courſe was 
directed by them Upon the whole 
therefore, to preſume, that the or- 
ainary and common Courſe of Mature 
is not ſometimes altered, is haſty and 
unwarrantable, 
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The IN ROD nl ON. 


O. wild Pe extravagant have been the 
Notions of a great Part of Philoſophers, 
both ancient and modern, that it is 
hard to determine, whethet they have 
been more diſtant in their Sentiments from 
Truth, or from one another; or have not 
oxcnaded the Fancies of the moſt fabulous 
Writers, even Poets and! Mythologiſts. This was 
owing to a precipitate Proceeding in their En- 
quiries, and a Neglect of Geometry and Ex- 
periment ; without the Afliftance of which, 
it 1s impoſſible the Powers of natural Agents 
ſhould be diſcovered. 
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Tur Manner of Philoſophizing among the 
Ancients was to aſcribe to Bodies certain i- 


A traty 


#1 
3 
90 

5 
: 5 
* 

7 
" 8 
TY 


C 
Bs 
p WS 
\ 4 40 
1 
* 
W 
e 
1 0 
oY 
5 * 
by 
4 
2 
9 
* "© 
1 8 - 
2 A 
: 4088 
3 
4 oP 
* 1 
127 
34 
1 
+ — 
87 1 
3 5 
Woes 
= 
" 4 
4 Ta * 
2 77 
e 
F 
1 
13 
3-0 
7 
* 
n 
1 
©. 
8 £ 
—— 
£00 
d 328 5 
CEES 
$7 2 
+ No £421 
"Se ho 
. 
8 
»” . 
* 8 
LY 2 
3 9 
7 ob © bf 7 
©. 
ATE, 
* 2 
3 
Ty 
. 
2 —— 7 * 
8 - LF 
1 
BY: 
1 
Ax 9 
. 
5 Y 
e 
"5? ;&YP 
+ : Seto 
. 
ys 
18 
7 * 
13 
Ry 2 * 
1 
2x 
"8 
$3) * 
1 
9 
"1. 
< RY 
RW 
„ 
Ws. 
3 
3 
36 28 
21 "v4 "200d 
3 4 "08 
"x 
5 
LY Ft 
7 = 4 
1 
8 
8 
Sp 
bp A; 
. 
e 
. 
„ 
8 
5 3 
"ES 
CES 
1 : 
52 
2 » 4 
N | 
3 
. 
. 
3 
r 
2 
. * 9 
2 Yeu 
N 
r 
ES» 
ES 
+ £ * * 
83 : 
(- » CW 
WS. TY 
A 
1 
3 
8 FS 
. 
1 
IS 
We”; 
WI 
00 BET 
3 
5 2357 
© 
WH + 
"BIN 
„ 
L 4.3, 
1 
. 
* 
„„ 
n 
f 1 4 
4M 
* Wc.” 
*. 
1 
es! 
\M;7 
"4 
3 
3 
1 
78 
Nv 
"4 
1 
1 4 
"I 
+ * 
© 285 
3 
a 
a + 
ve.” 
_ > 
22 
LY 
A : 
3 
KR 
W 
bo” 
bs 


8 


n 


* EY 

>» <3 

2 Es, CG bo 
an p25 


2 The INTRODUCTION. 
trary Properties, ſuch as beſt ſerved their Pot- 
poſe in accounting for the Phænomena * of 
Nature; from whence proceeded ſo many vari- 
dus Sects of Philoſophers; every one aſſigning 
a different Cauſe to the ſame Appearance, as his 
particular Genius and Imagination led him. 


Tur chief Agreement obſervable among 
moſt of them, conſiſts in this, vi. that they 
conceived all Bodies, as Compoſitions of Air, 
Earth, Fire, and Water, or ſome one or more 
of them, from whence theſe acquired the 
Name of Principles or Elements, which they 
ſtill retain, - 


Ericonss advanced a little farther, and 
aſſerted, that though Bodies conſiſted of ſome 
one or more of theſe, yet that they were not 
ſtrictly Elements, but that theſe themſelves con- 
fiſted of Atoms; by an accidental Concourſe 
of which (as they were moving through infinite 
Space in Lines nearly parallel) all Things re- 
ceived their Form and Manner of Exiſtence ＋. 


Ds CAR T Es has contrived an Hypotholis 
very different from the reſt : He ſets out with a 


* By a 8 of N 2 is meant any Motion or Si- 
tuation of Bodies among one another, which offers itſelf to the 
Notice of our Senſes, and is not the immediate Reſult of the 
Action of an intelligent Being. 

+ For the Opinions of the ancient Philoſophers, confult | 
Diogenes Laertius, and Stanley's Lives. 


Suppo= 
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Zuppoſition that the Univerſe at firſt was entire- 
ly full of Matter; that from this Matter, when 
lt put in Motion, there would neceſſarily be 
rubbed off (by the grinding of the ſeveral Parts 
one againſt another) ſome Particles ſufficiently 


fine to paſs through the hardeſt and moſt ſolid 


Bodies without meeting with any Reſiſtance: 


Of theſe conſiſts his Materia ſubtilis, or Mate- 
ria primi Elementi. He imagined, that from 
hence alſo would reſult other Particles, of a 
globular Form; to which he gave the Name of 


Materia ſecundi Elementi, Thoſe which did 


not ſo far loſe their firſt Figure, as to come 
under the Denomination of Materia primi or 
 fecundi Elementi, he called Materia tertii Ele- 
menti; and maintained, that all the Variety, 
which appears in natural Bodies, was owing to 
different Combinations of thoſe Elements. 


He likewiſe ſuppoſes, that God created a 


certain Quantity of Motion, and affigned it 


to this Maſs of Matter; and that That Mo- 
tion (being once created) could no more be 
annihilated, without an omnipotent Hand, 
than Body itſelf : In Conſequence of which, 
he was obliged to teach, that the Quantity of 
Motion is always the ſame: So that, if all the 
Men and Animals in the World were moving 

yet ſtill there would be no more Motion 


than when they were at Reſt, the Motion 
Wen they had not, when at Reſt, being 


n transferred 


+ The INTRODUCTION: 
transferred to the Æther. So unaccountable 
are the Notions of this great Philoſopher, that 
it is ſurprizing his Doctrine ſhould have met 
with ſach univerſal Reception, and have got 
ſo ſtrong a Party of Philoſophers on its Side. 


Ds CarTzs has been faid, by a late 
Writer *, to have joined to his great Genius an 
exquiſite Skill in Mathematics, and, by mixing 
Geometry and Phyſics together, to have given 
the World Hopes of great Improvements in the 
latter. But this Writer ought to have con- 
ſidered, that what he looked upon; in Dx s 
rr s's Book of Principles, 'as Demon- 
ſtrations, are only Illuſtrations, there not being 
a Demonſtration from Geometry; in all his Phi- 


loſophical Works +. 


Tur preſent Method of Philoſophizing, 
eſtabliſhed by Sir IS AAC NEwToON, is to 
find out the Laws of Nature by Experiments 
and Obſervations. To this, with a proper 
Application of Geometry, is owing the great 
Advantage the preſent Syſtem of Philoſophy 
has over all the preceding ones, and the vaſt 
e it has received within the laſt 


* Mr. V. often, i in his Reflexions on ancient and model 
] earning. | 


+ See this Subject Liſcaſſed more at large in Kurs Intro- 
Quclion to his Examination of Dr, Burnet's T heory. 
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Age. It is indeed in vain to imagine, that a 
Syſtem of Natural Philoſophy can be framed 
by any other Method; for without Obſerva- 
tions it is impoſſible we ſhould diſcover the 
Phenomena of Nature, without Experiments 
we muſt be ignorant of the mutual Actions of 
Bodies, and without Geometry we can never 
be certain whether the Cauſes we affign be 
proportionate to the Operations we would ac- 
count for, as the various Syſtems of Philo- 


ſophy built on other Foundations evidently 
ſhew. 


T n1s Way of ſearching into Nature was 
firſt propoſed by my Lord Bacon ®, proſe- 
cuted by the Royal Society, the Royal Academy 
at Paris, the Honourable Mr. BoyLe, Sir 
Isaac NEwToN, &c. 


War wonderful Advancement in the 
Knowledge of Nature may be made by this 
Method of Enquiry, when conducted by a 
Genius equal to the Work, will be beſt under- 
{ſtood by conſidering the Diſcoveries of that 
excellent Philoſopher laſt mentioned. To Him 
it is principally owing, that we have now a 
rational Syſtem of Natural Philoſophy; tis He, 
| who, by purſuing the ſure and unerring Me- 
thod of e from Experiment and, Obſer- 


9 See his Mum Organun. | 
A 1 vation, 
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vation, joined with the moſt 9 0 Skill in 
Geometry, bas carried his Enquiries to the 
moſt minute and inviſible Parts of Matter, as 

| well as to the largeſt and moſt remote Bodies 

in the Univerſe, and has eſtabliſhed a Syſtem 
not ſubject to the Uncertainty of a mere Hypo- 
theſis, but which ſtands upon the ſecure Baſis 
of Geometry itſelf, | 


CHAP. 


5 15 7) 
CHAP. I. 
The Properties of Body. 


TT being the Deſign of Phy/ics, or Natural 
1 Philoſophy, to account for the Pheno- 
mena of the Material World, it is neceſſary 
to begin with laying down the known Pro- 
perties of Bod. | 5 

Tus are, 1. Solidity. 2. Extenſion. 
3. Diviſibility. 4. A Capacity of being moved 
from Place to Place. 5, A Paſſiveneſs or In- 


activity. phe 

I. SOLIDITY, called alſo Impenetrability, 
is that Power which Body has of excluding all 

others cut of its Place. | 
 Trar Body, as ſuch, muſt be endued with 
this Property follows from its Nature, for 
otherwiſe two Bodies might exiſt in the ſame 
Place, which is abſurd, The ſofteſt are equal- 
ly folid with the hardeſt; for we find, by Ex- 
periment, that the Sides of a Bladder, filled 
with Air or Water, can by no Means be made 
to come cloſe together *. . 
CE 2. THAT 


— 


At Florence a hollow Globe of Gold was filled with Wa- 
ter, and then exactly cloſed; the Globe thus cloſed was put 
into a Preſs driven by the Force of Screws; the Water, find- 
ing no Room for a nearer Approach of its Particles towards 

each other, made its Way through the Pores of that cloſe 
5 . Metal, 


8 The Properties of Body. Part J. 

TRA Body is extended, is ſelf-evident, 
it being impoſſible to conceive any Body 
which has not Length, Breadth, and Thick- 
neſs, that is, Extenſian. 

. IT is no leſs evident, that Body i 18 el. 
fible ; for, ſince no two Radeln of Matter can 
exiſt in the ſame Place, it follows that they are 
really diſtinct from each other, which is all 
that is meant by being diviſible. 

IN this Senſe, the leaſt conceivable Particle 
muſt ſtill be . ſince it will conſiſt of 
Parts which will be really diſtinct “. To il- 
luſtrate this by a familiar Inſtance: Let the 
leaſt imaginable Piece of Matter be conceived 
lying on a ſmooth plain Surface; tis evident, 
8 0 een ace will not touch it every where; 
thoſe Parts, therefore, which it does not touch, 
may be ſuppoſed ſeparable from the other, and 
ſo om as far as we pleaſe; and this is all that 


Metal, tapdiog: in Drops like Dew on the Outſide, before the 
Globe would yield to the violent Preſſure of the Engine. 
V. Acad. del Ciment. 


* This Propoſition is demonſtrated Geometrically thus : Sup- 
poſe the Line 4D (Fig. 1.) perpendicular to B F, and another, as. 
GH, at a {mall Diſtance from it, alſo perpendicular to the ſame 
Ta ; with the Centers C, C, C, &c. deſcribe Circles cutting the 
ine GH in the Points e, e, e, &c. Now the greater the Ra- 
dius 40 is, the leſs will be the Part e H. But the Radius may be 
augmented iz infinitum. So long, therefore, the Part EH may 
be divided into ſtill leſs Portions ; conſequently it may be divided 
in infinitum. Q. E. D. V. Keil's Introd. on Phyſ. Præd. 3, 45 
Graveſgnd:'s Elem, Math. -Phyl, L. 1. C. 4. Schol, 


18 
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is meant, when we ay Matter IS infinitely 
diviſible. 

How far Matter may actually be divided, 
may in ſome manner be conceiv d from hence *, 
that a Piece of ſmall Wire, gilt with ſo ſmall a 
Quantity as eight Grains of Gold, may be 
drawn out to a Length of thirteen Thouſand 
Feet, the whole Surface of it till bine, 
cover'd with Gold F. 

A Quantity of Vitriol, being diſſolved and 
mix'd with nine Thouſand Times as much 
Water, will tinge the whole, conſequently 
the Vitriol will be divided into as many Parts 
as there are viſible Portions of Matter in that 
Quantity of Water 8. 

THERE are Perfumes, which, without a ſen- 
fible Diminution- of their Quantity, ſhall fill 
a very large Space with their odoriferous Par- 
ticles, which muſt therefore be of an incon- 
ceivable Smallneſs, ſince there will be a ſuffi- 


* We have a ſurprizing Inſtance of the Minuteneſs of ſome 
Parts of Matter, from the Nature of Light and Viſion. Let a 
Candle be lighted and placed in an open Plane, it will then be 
viſible two Miles round, conſequently was it placed two Miles 
above the Surface of the Earth, it would fill with luminous Par- 
ticles a Sphere, whoſe Diameter was four Miles, and that be- 
fore it had loſt any ſenſible Part of its Weight. The Force of 
this Argument will appear better when the Reader 1s acquainted 
with the Cauſe of Viſion. 


1 Keil's Introd. ad Phyſ. Præl. 5. pe Philo. Con- 
| templ. 25. 


1 Mem, de V Acad, es e 
| cient 


| V 
10 Vacuum. Part. I. 


cient Number in every Part of that Space, ſen- 
ſibly to affect the Organ of Smelling. 

4. THAT all Matter is moveable, follows 
from its being finite; and to ſuppoſe it poſi- 
tively infinite is abſurd, becauſe it conſiſts of 
Parts *. 

. By the Paſtiveneſs or Inactivity of Mat- 
ter, (commonly call d its Vis Inertiæ) is meant 
the Propenſity it has to continue its State of 
Motion or Reſt, till ſome external Force acts 
upon it. This will be farther explained under 


the firſt Law of Nature. 
C HA P. II. 
Of Vacuum. 


I. L. A CE void of Matter i is called empty 
Space, or Vacuum. | 

II. IT has been the Opinion of ſome Phi- 
loſophers, particularly the Carteſians, that Na- 
ture admits not a Vacuum, but that the Uni- 
verſe is entirely full of Matter: In conſe- 
quence of which Opinion they were oblig d 
to aſſert, that if every Thing contain'd in a 
Veſſel could be taken out or annihilated, the 
Sides of that Veſſel, however ſtrong, would 
come together; but this is contrary te Expe- 


dee Mr. Law's Tranſlation of Abp. King de Origine Mali. 
Not. 4. | 
| rience, 


Chap. A IT 


rience, for the 3 Part of the Air may be 
drawn out of a Veſſel by means of the Air- 
Pump, notwithſtanding which it will remain 
whole, if its Sides are ſtrong enough to ſupport 
the Weight of the incumbent Atmoſphere. 

III. SyouLD it be objected here, that as it is 
impoſſible to extract all the Air out of a Veſſel, 
and that there will not be a Vacuum on that 
Account; the Anſwer is, that ſince a very great 
Part of the Air, that was in the Veſſel, may be 
drawn out, as appears by the more quick De- 
ſcent of light Bodies in a Receiver * when ex- 
hauſted of its Air, there muſt be ſome Vacuities 
between the Parts of the remaining Air ; which 
is ſufficient to conſtitute a Vacuum. Indeed to 
this it may be objected by a Cartefian, that 
| thoſe Vacuities are fill'd with Materia ſubtilis, 
that paſſes freely through the Sides of the Veſſel, 
and gives no Reſiſtance to the falling Bodies: 
But as the Exiſtence of this Materia ſubtilis can 
never be prov'd, we are not oblig'd to allow the 
Objection; eſpecially fince Sir IAA NEwToN 
has found, that all Matter affords a Reſiſtance 
nearly in Proportion to its Denſity . 

THERE are many other Arguments to prove 
this, particularly the Motions of the Comets 


A Veſſel cannot be entirely exhauſted of its Air, becauſe 


the Action of the Pump depends on the Spring of that which 
remains in the Veſſel. 


Buy this Term is meant any Veſſel, out of which we e extract 
the Air by the Air Pump. 


'+ Newt. Principia, Lib. 2. Prop. 31. & 40. & Opt. Edit. 2. 
l Quer. 18, 19, 20, 21, Dyagul. LeR. 1. Ann. 2. 


throu gh 
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through the Heavenly Regions without any 
ſenſible Reſiſtance *; the different Weight of 
Bodies of the ſame Bulk, &c. but thoſe being 
not yet explain'd, are not fo proper to be infiſt- 
ed on in this Place. 


_ BBA Þ; ML 0 
Y Of Attraction and Repulſion. 


IF) ESIDES the forementioned Proper 
| ties of Matter, it has alſo certain 
Powers or active Principles, known by the 
Names of Attraction and Repuljion, probably 
not eſſential or neceſſary to its Exiſtence, but 
impreſſed upon it by the Author of its Being, 
for the better Performance of the Offices for 
which it was deſign'd. | 
IE. ATTRACTION 1s of two Kinds. . 8 
heſion, or that by which minute Bodies, (or 
the ſeveral Particles of the ſame Body) when 
placed aſunder at very ſmall Diſtances, mutu- 
ally approach each other; and then adhere or 
ſtick together, as if they were but one. 2. Gra- 
vitation, or that by which diſtant Bodies act 
upon each other. 

III. THE Attraction of Gahefioa 18 prov'd 
from abundance of Experiments, of which ſome 
of the moſt obvious are as follows. 


* De/agul. LeR. 1. Annotat, 8 | 
I, LET 


Chap: III. Attraction and Repulſion. 1 3 
1. LET a ſmall Glaſs Tube (commonly call'd 
a Capillary Tube) open at both Ends, be dipt 
into a Veſſel of Water, the Water will imme 
diately riſe up in the Tube to a certain Height 
above the Level of the external Water. This 
Riſe of the Water in the Glaſs Tube is manifeſt- 
ly owing to the Attraction of thoſe Particles of 
the Glaſs, which lie in the inner Surface of the 
Tube immediately above the Water: Accord- 
ingly the Quantity of Water raiſed 1s always 
found to be PIE to the Largeneſs 
of that Surface s. 
2. LRT two Spheres of Quickſilver be pla- 
ced near each other, and they will immediately 
run together, and form one Globule. 
IV. Tu Laws of this Attraction are, 1. 
| That i it acts only upon Contact, or at very ſmall 
Diſtances; for the Spheres, mentioned-in the 
laſt Experiment, will not approach each other, 


® The Heights the Water riſes to in different Tubes, are ob- 
ſerved to be reciprocally as the Diameters of the Tubes, from 


whence it-follows, that the Quantities raiſed are as the Surfaces 
which raiſe them. 


Dem. Let there be two Tubes, the Diameter of the firſt 
double to that of the ſecond, the Water will riſe half as high 
in the firſt as in the ſecond; Now was it to rife equally high 
in both, the Quantity in the firſt would be four Times as great 
as in the ſecond, (Cylinders of equal Heights being as the 
Squares of their Diameters; 11. EI. 14.) therefore ſince it is 
found to riſe but half as high, the Quantity is but twice as much; 
and therefore as the Diameter; but the Surfaces of Cylinders 


are as their Diameters, therefore the Quantities of Water raiſed 
are alſo as the Surfaces. 2, E. D. 


See the Diſſercation on this Subject. Part II. 


till 
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till they are plac'd very near. 2. It acts accord- 
ing to the Breadth of the Surfaces of the at- 
tracting Bodies, and not according to their 
Quantities of Matter. For, let there be two 
poliſh'd Glaſs Plates laid one upon another, in 
ſuch a manner as to touch at one End, and 
there make a very ſmall Angle: If two une- 
qual Drops of Oil be put between theſe Plates, 
at equal Diſtances from the Line of Contact, ſo 
that the leaſt may touch both Glaſſes, they 
will then both move towards 'the Ends that 
touch, becauſe the Attraction of the Surfaces 
inclines that Way; but the largeſt, touching 
the Glaſſes in moſt Points, will move the faſt- 
eſt. 3. "Tis obſerv'd to decreaſe much more 
than as the Squares of the Diſtances of the 
attracting Bodies from each other increaſe : That 
is, whatever the Force of Attraction is at a gi- 
ven Diſtance, at twice that Diſtance it ſhall be 
more than four Times leſs than before *. 
V. FRoM hence it is eaſy to account for the 
different Degrees of Hardneſs in Bodies; thoſe 
' whoſe conſtituent Particles are flat or ſquare, 
and ſo ſituated as to touch in many Points, 
will be hard; thoſe Particles which are more 
round, and touch in fewer Points, will conſti- 
tute a ſofter Body ; thoſe which are ſpherical, 
or nearly of that Figure, will form a F uid + | 
* Keilii Opera Ea: 410, p. 626. 


See Rehault in the Notes, p. 105, 108. See Part II. f 
Chap. I. F. 2. in the Notes. Newtani, Optic, p. 335. 


\ VI. Ar- 


Chap. III. Artraction and Repulfon, 15 
VI. ATTRACTION of Gravitation is that; 
by which diſtant Bodies act upon each other. 


= Of this we have daily Inſtances in the falling 


of heavy Bodies towards the Earth. 
VII. Trex Laws of this Attraction are, 1. 
That it decreaſes, as the Squares of the Diſtances 
between the Centers of the attracting Bodies 
increaſe. Thus, a Body, which at the Sur- 
face of the Earth (i. e. about the Diſtance of 
four Thouſand Miles from its Center) weighs 
ten Pounds, if it was placed four Thouſand 
Miles above the Surface of the Earth, !. e. 
twice as far diſtant from the Center as before, 
would weigh four Times leſs ; if thrice as far, 
nine Times leſs, Sc. The Truth of this Pro- 
poſition is not to be had from Experiments, 
(the utmoſt Diſtance we can convey Bodies to, 
from the Surface of the Earth, bearing no Pro- 
portion to their Diſtance from its Center,) 
but is ſufficiently clear from the Motion ob- 
ſerved by the heavenly Bodies. 2. Bodies at- 
tract one another with Forces proportionable 
to the Quantities of Matter they contain; for 
all Bodies are obſerved to fall equally faſt in 
the exhauſted Receiver, where they meet with 
no Reſiſtance. From whence it follows, that 


the Action of the Earth upon Bodies is exact- 


ly in Proportion to the Quantities of Matter 
they contain; for was it to act as ſtrongly 
upon a leſs Body as upon a larger, the leaſt 
Body, being moſt eaſily put into Motion, 

8 B 5 would 
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would move the faſteſt. Accordingly, it is 
obſervable, that the Weight of a Body is the 
ſame whether it be whole, or ground to 
Fowader ®; © I of „ e poo d” 
VIII. FROM hence it follows, that, was 4 
Body to deſcend from the Surface toward the 
Center of the Earth, it would continually be- 
come lighter and lighter, the Parts above at- 
tracting it, as well as thoſe below; in which 
Caſe it is demonſtrated. by Mathematicians, 
that the Gravity would decreaſe with the Di- 
ſtance of the Body from the Center rx. 
Er Graveſand: Lib. 4. Chaps 11. Coles's Preface to Newton's 
Princip. | | 
+ Dem. Let there be a Body as P (Fig. 2.) placed any 
where within a Concave Sphere, as AB, and let us ſuppoſe it 
divided into an infinite Number of thin concentric Surfaces ; 
I ſay, the Body P will be attracted equally each Way by any 
one of theſe, v. g. the interior HIKLM. Let there be Lines 
as IL, HK, &c. drawn through any Point of the Body P, in 
ſuch a Manner as to form the Surface of two ſimilar Figures; 
ſuppoſe Cones, the Diameters of whoſe Baſes may be IH, KL, 
which let us ſuppoſe infinitely ſmall. Theſe Baſes (being as the 
Squares of the Lines IH, KL) (2, Elem. 1 2.) will be directly, as the 
Squares of their Diſtances from P (for the Triangles PH, KPL, 
being infinitely ſmall, are fimilar.) But thoſe Baſes include all 
the Particles of Matter in the interior Surface, that are oppoſite | 
to each other; the oppoſite Attractions are therefore an the 
ſame Ratio with thoſe Baſes, that is as the Squares of the Di- 
ſtances PK, PI. But the Attraction is inverſely, as the Squares of 
the Diſtances of the attracting Bodies, f. 7. f. e. inverſely as the 
Squares of the ſame Diſtances PK, PI; theſe two Ratios 
therefore deſtroying each other, it is evident, that if the Con- 
cavity of the Sphere was filled with Matter, that alone, which 
lies nearer the Center than the Body, can effect it, the reſpective 
Actions of all the Parts, that are more diſtant, being me, | 
| 185 | an 


. : . 
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Scbolium. IT may be proper to obſerve here, 

= - that when Philoſophers ſpeak of Bodies gravi- 
W  tating to, or attracting each other, that Body is i 
W * ſaid to gravitate to another, which moves to- -M 
ward it, while the other actually is, or appears 
to be, at Reſt, and this other is, ſaid to attract 

the former; though indeed the Force being mu- 
= tual and equal on both Sides (as will be ex- 

= plain'd under the third Law of Nature) the 
ame Term might be apply'd to either the gra- 

vitating or attracting Body. | 

» IT ts farther to be obſerv'd, that when we 
uſe the Terms, Attraction br Gravitation, we 
do not theréby determine the Phyſical Cauſe 

= of it, as if it proceeded, from ſome ſuppoſed 

occult Quality in Bodies; but only uſe thoſe 

Terms to fignify an Effect, the Cauſe of 

which lies out of the Reach of our Philoſophy. 

Thus, we may ſay, that the Earth attraQs hea- 

vy Bodies; or that ſuch Bodies tend to gravi- 
tate to the Earth: Although at the ſame Time we 


and in contrary Directions, ſince the ſame is demonſtrable of any 
of the remaining concentrie Surfaces. Let us ſee then what Ef. 
fect that, which lies nearer the Center than the Body, will have 
upon it, which may be conſidered as a Sphere, on whoſe Surface 
the Body is plac'd. The Diſtances of each Particle of Matter 
from the Body, (taken collectively) will be as the Diameter of 
the Sphere, or as the Radius, 7. e. as the Diſtance of the Bocy ; 
from the Center: Their Action therefore upon the Body will bo 
inverſely as the Square of that Diſtance: but the Quantity of Mat- 
ter will be as the Cube of that Diſtance, (18 Elem. 12.) the At- 
traction therefore will be alſo in that Proportion. Now, theſe 
two Ratios being compounded, the Attraction will be only as 
the Diſtance of the Body from the Center. L. E. D. 
"el 


B 


* & os % 
* 


1 18 Artrafim and Repu gon. Part I, 


are wholly ignorant; Whether this is effected 
by ſome Power, actually &xiſtinß in the Earth, 
or in the Bodies, or external to both; NG. 
it is. impoſſible any Error in our 7 
can follow from hence: It being evident, chat 
all the Conſequences bf ſuch Tendency mult 
be the ſame, let the Cauſe be wilkro, or whit 
it will. * * 

X. REPULSION, is that Shae | in Bodies, 
whereby, if they are placed juſt beyond the 
Sphere of each other's Attraction, and Coheſion, 
they mutually fly from each other.. | 

Ir an oily Subſtance, lighter than Water, 
be placed on the Surface thereof, or if a Piece 
of Iron be laid on Mercury, the Surface of the 

Fluid will be deprefs'd about the Body laid on 
it: This Depreſſion has been by ſome aſcrib'd 
to a repelling Power in the Bodies, which 
hinders the Approach of the Fluid b 8 
them. 

Bor kit is more generally imputed to 8 
that the Particles of the Fluid attract each other, 

in theſe and the like Inſtances, more forcibly 
than they are attracted by the Body laid on it; 
and ſo recede from the Body as far as the Gra- 
vity of the neighbouring Fans of the Fluid 
will permit them. 

'IT is poſſible in ſome Caſes to noch or force 
the Particles of different Subſtances, that ſeem to 
repel each other in this Manner, fo near together, 
that ney ſhall mutual! y attract each other: As 

| when 
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. ng we mix Oil and Water till they incor- 
pPorate. = 
Fu1s Property is however exceedingly ap- 
parent 1n the Particles of the Air, which are 
endued with ſo ſtrong, a repulſive Force: with 
regard to each other, that they never could, by 
any Experiment yet made upon them, be com- 
preſſed or driven ſo cloſe together, but they 
would ſtill endeavour to fly from each other &. 
XI. BesIDEs the general Powers foremen- 
tioned, there are, ſome Bodies that are endued 
with another, call'd Electricity. T hus Amber, 
Jet, Sealing-Wax, Agate, Glaſs, and moſt | 
Einds of precious Stones attract and repel light © 
Bodies at conſiderable Diſtances. 5 
Tu chief Things obſervable in. theſe Bo- 
dies are, 1. That they don't act, but when 
heated. 2. That they act more forcibly when 
heated by rubbing, than by Fire. 3. That, 
when they are well heated by rubbing, light » 
Bodies will be alternately attracted and repell'd 
by them, but without any, obſeryable Regula- 
rity whatever.” 4. If a Line of ſeveral Yards in | 
Length has a Ball, or 1 Body ſuſpended at 
one End. and the other End be fixed to a Glaſs 
Tube; when the Tube is heated by rubbing, tage 
Electrical Virtue of the Glaſs will be commu- 
nicated from the Tube to the Ball, which will 
attract and repel light Bodies in the tame Man- 


* * * 


* Sce a further Proof of this Repei Force in Sir iſaac 
Nexwton's Opticks, B. z. 250 Query 32: 
B 2 Mb ner, 
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20 Tai of Motion. Part I. 
ner, as the Glaſs itſelf does. 5. If the Glaſs Tube 
be emptied of Air, it loſes its Electricity v. 
XII. Las TI v, the Loadſtone is obſerv'd to 
have Properties peculiar to itſelf, as that by which 
it attracts and repels Iron, the Power it commu- 
nicates to the Needle, and ſeveral others T. 


CHAP. IV. 
Of the Laws of Motion, commonly called 


Sir. Isaac NEwToON's Laws of Mature. 


I. A LL Bodies continue their State of 
Reſt, or uniform Motion in a right 
Line, till they are made to change that State 
by ſome external Force impreſſed upon them. 
Tus Law is no other, than that univerſal 
Property of Bodies, called Paſſiveneſs or In- 
activity; whereby they endeavour to continue 
* the State they are in, whatever it be. Thus 
a Top only ceaſes to run round on Account of 
the Reſiſtance it meets with from the Air, 
and the Friction of the Plane whereon it 
moves. And a Pendulum, when left to vis 
brate in vacuo, where there is nothing to ſtop 
it, but the Friction ariſing from the Motion 


* Sce Haukfoee's Experiments. Philoſeph. Tranſat. No. 326. 

I Several Solutions of theſe Properties of Electricity and Mag- 

netiſm have been attempted by different Philoſophers, but all of 
them ſo unſatisfactory as not to deſerve a particular Account in 
this Place. See Chambers's Dictionary in Eledtricity, and Des 
Cartes Opera Philoſophica. P. IV. F. 133. with ſeveral others 


1eferr'd to in Qu iones Philoſophiczee, Deſagul, Lect. I. $. 33. 


of 
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af the Pin on which it is ſuſpended, conti- 
nues to move much longer, than one in the 
open Air. 
II. Tas Change of Motion n in 
any Body, is always porportionable to the 
Force, whereby it is effected; and in the ſame 
Direction, wherein that Force acts. a 
THis is an immediate Conſequence of this 
Axiom; The Effect is always proportionable to 


its Cauſe. For Inſtance, if a certain Force 
produces a certain Motion, a double Force 


will produce double the Motion; a triple 
Force triple the Motion, &c. If a Body i is in 


Motion, and has a new Force impreſſed on it 


in the Direction wherein it moves, it will re- 
ceive an Addition to its Motion, proportional 
to the Force impreſſed; but if the Force acts 
directly contrary to its Motion, the Body will 
then loſe a proportional Part of its Motion : 
Again, if the Force is impreſſed obliquely, it 
will produce a new Direction in the Motion 


of the Body, more or leſs different from the 


former, in Proportion to its Quantity and Di- 


UI. R- | 


* This Caſe i is expreſſed more accurately. by Mathematicians 


rection *. 


thus. If the Proportion and Direction of two. Forces, acting 


upon a Bady ac the ſame Time, be repreſented by the Sides of 
a Parallelogram, the Diagonal of that Parallelogram will re- 
preſent the Proportion and Direction of their united Forces. 
Dem. Let the Body 4 (Fig. 3.) be impell'd with the Force, 
which would carry it to E, in the ſame Time that another, act- 


ing 388 it in the Direction 40, would carry it to D. Ima- 


B 3 | bine 
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'U..RzacTioN'is always contrary, and 
i equal to Action; or the Actions of two Bodies 


upon each other, are 9 and in contrary 
Directions. ny , 


Tnbs, ſuppoſe a Stone, or oder Load to 
be drawn by an Horſe ; the Load reacts upon 
the Horſe, as much as the Horſe acts upon the 
Load; 01 the Harneſs, which is ſtretched 
equally between them both Ways, draws the 
Horſe towards the Stone, as much as it does 
the Stone towards the Horſe; and the progreſ- 


five Motion of the Horſe is as much retarded 
by the Load, as the Motion of the Load is 


ins that while he Body paſſes to E, the Ling AD (in widch 
the Body moves by the other Force) moves to EB, in a Direc- 
tion parallel to itſelf; when the Body has advanc'd to G in 
the Line AE, the Line 4D will have got to GF, and the Body 
will have paſſed over GH, ſuch a Part of it, as bears the 
ſame Proportion to the whole Line GF, as 4G does: to AE, 
that is GH (the ſhorter Side of the Parallelogram GM,) is, to 
GF, or, which is the ſame Thing, to EB, (the ſhorter Side of 
+ the Paral elogram ED) as A (the longer Side of the former) 
is to AE the longer Side of the latter ; from whence the Pa- 
rallelograms are fimilar, E“. 6. Def. 1. and conſequently, by 
24 El. 6. the Point H is in the Diagonal, that is, the Body 
will always be found in the Line 4B. Q. E. D. 
Coral. From hence we have an eaſy Method of reſolving 
a given Motion into any two, or more Directions whatever ; 
wiz. by deſcribing a Parallelogram about the given Direction 
as a Diagonal, the two Sides of which will repreſent the Di- 
rections ſought. Thus, ſuppoſe a Body was impell'd in the 
Line 4B, we may conceive it is ated upon by two Forces at 
the ſame Time, one towards E, the other towards D, or any 
other two whatever, provided the Lines be drawn of ſuch 


Length, that, when the Parallelogram is compleated, the given 
Ling AB ſhall be its . 


promoted 
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This will be better explained from the follow- yy 


ing Inſtance ;. let a Perſon, fitting. in a Boat, 
— another Boat equally heavy towards 
him, they will both move towards each other 
with equal Velocities : Let the Boat he 'ſits i in 
be the lighteſt, and it will move the faſteſt; 
becauſe the Action being equal on both Sides, 
the ſame Quantity of Motion will be given to 
each Boat, that is, the leſſer will have the 
greater Velocity . 
Wr have a farther Confirmation of this 
from Attraction. Suppoſe two Bodies attract- 
ing one another, but prevented from coming 
cloſe together by ſome other Body placed be- 
tween them: it their reſpective Actions, by 
which they tend towards each other, were not 
equal on both Sides, then would the interme- 
diate Body be preſſed more one Way than the 
other, and fo all three would begin to move 
of themſelves the ſame Way; but that three 


Bodies ſhould be put into Motion after this Man- 


ner, when no foreign Force acts upon. them, i IS 


* 


23 It may be thought perhaps, (two equal and contrary 


Forces deſtroying one another) the Horſe will in this Caſe not 


be able to move at all, becauſe the Load draws him back, as 
much as he draws the Load forwards. But it 1s to be obſerv- 
ed, that the Strength of the Horſe is not properly, exerted up- 
on the Load but upon the Ground; and conſequently the 
Ground, reacting and continuing at Reſt, puſhes the Horſe 


forward with juſt ſo mach Force as the Horſe exerts, above 


what | is counteracted by the Load. 
F See the Diſtinction between Motion and Velocity, Chap. 9. 
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24 Falling Bodies. Part J. 


different Degrees of Force, any two Bodies may 


be capable of exerting, their mutual Actions 


on each other, are always equal. This may 
be tried with a Loadſtone and Iron; which, 


being put into proper Veſſels, contiguous to 
one another, and the Veſſels made to float on 


the Surface of Water, will be an exact Coun- 
terbalance to each other, and femain at Reſt, 
"whatever be the attractive Power of the Load- 


ſtone, or the Proportion of their K 75 


Mag nitudes. 
15 HE SE Laws receive an TEENY additi- 


 _,» *onal Proof from hence, viz. that all the Con- 


dluſions that are drawn from them, 1 in Relation 
to the Phænomena of Bodies, how complicat- 
ed ſoever their Motions be, are always found 
to agree perfectly with Obſervation. The 
Truth of which ſufficiently appears in al Parts 
of the Newtetuan Philoſophy “. OF co 


+ H A P. V. 
EY Phenomerta of Falling B adies. 


. TEE Laws of N ature being thus ee 
ed, we proceed to account for ſome of 


thole Phenomena, which are ſolvable by. them, - 


'*. See theſe Laws explain'd more at large by Cbeyne in his 
eier of Phi; viophy, Keil's Introd. ad Phyſ. Præl. 11, 12. 
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contrary to Experience, conſequently whatever 
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II. To dion with -thoſe of falling Bodies. 

Conſtant Experience ſnews, that Bodies have a 
Tendency towards the Earth, which is call'd 
Gravity, the Laws of which were enumerated 
in Chap, III. 5. | 

III. Tye Height Bodies can be let fall Rome 
bears ſo ſmall a Proportion to their Diſtance 
from the Center of the Earth, that it cannot 
ſenſibly alter their Gravity; which therefore 
may be conceived, as acting conſtantly and uni- 
formly upon them, during the whole Time of 
their Fall: From whence they muſt neceſſarily 
aaquire, at every Inſtant, an equal Degree of 
Ts which on that Account will conſtant- 

increaſe, in Proportion to the Time the Bo- 
pa takes up in falling. 

"IV. Tux Spaces Bodies fall through in dif- 
ferent Times, reckoning from the Beginning of 
their Fall, are as the Squares of thoſe Times; 
thus, a Body will fall four Times as far in two . 
Minutes, as it does in one, and nine Times as 
far in three, ſixteen Times as far in four, Sc * 

* V. Flow 


® In order to demonſirate this Propoſition, it will be neceſ- 
ſary to lay down the following Theorem, wiz. 

That the Space a Body paſſes over, with an uniform Motion, 
is in a Ratio compounded of the Time and Velocity. For the 
longer a Body continues to move uniformly, the more Space it 
moves over; and the faſter it moves during any Interval of 
Time, the farther it goes; therefore the Space is in a Ratio com- 
pound of both, that is, is had by multiplying one into the other. 

Coroll. Therefore the Area of a Rectangle, one of whole Sides 
repreſents the Celerity a Body moves with, and the other the 
Time Pi its Motion, will expreſs the * it moves as. 

R is 


*. 
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26 Falling Bodies. Part I. 
5 . ; * * 

V: FoM. this Propoſition it follows, that a 
Body falls three T ime as far, in the ſecond 
Portion off Timep as it does in the firſt ; five 

Times as far in the third; ſeven Times in the 


# ,% 


_* ., Fourth, and fo on in the Series 'of the odd 
Numbers: For otherwiſe it could nöt fall four 
+ ® hs | I; 1 a I EL Big e 8 38 222 
lis being pfemiſed, let the Line AB (Fig. 4) repreſent 


16 Time a Body takes up in falling, and let BC expreſs the Ce- 
Jerity acquir'd by its Fall ; farther let the Line A5 be di- 
vided into an indefinite, Number of ſmall Portions, ei, im, 
p, &c. and let. ef, ik, un, pg, &c. be drawn parallel to the 
| Baſe. Now it is evident from F. 3. (wiz. that the Velocities 
are as the Times in which they are acquir'd) that the Lines 
ef, ik, mi, pg, &c. being to each other (4 El. 6.) as the 2000 
Aae, Ai, Am, Ap, &c. will repreſent the Celerities in the Times 
repreſented by theſe: That is, F will be as the Velocity of the 

dy in the ſmall Portion of Time e:, and z& will be as the Ve- 
locity in the Portion of Time im; in like Manner pg will be as 
the Velocity in the Portion of Time po, which Portions of Time 
being taken anfinitely ſmall, the Velocity of the Body may be 
ſuppos d the fame, during any whole Portion: And conſequently, 
pPy the Corollary of the foregoing Theorem, the Space run over 
in the Time ei with the Velocity %, may be repreſented by the 
Rectangle if: In like Manner the Space run over in the Time 
im, With the Cèlerity 24, may be expreſs'd by the Rectangle mk; 
and that run over with the Celerity n in the Time up, by 
the Rectangle pn; and ſo of the reſt. Therefore the Space 
run Pver in all thoſe Times will be repreſented by the Sum of all 
the Rectangle, that is, by the Triangle ABC, for thoſe little 
triangular Deficiencies, at the End of each Rectangle, would have 
- vaniſhed, had the Lines ei, im, up, &c. been infinitely ſhoxt, as 
the Times they were ſuppoſed to repreſent. Now as the Space, 
the Body deſcribes in the Time 4B, is repreſented by the Tri- 
angle ABC, for the fame Rhafon the Space paſs'd over in the 

Time 4% may be repreſented by the Triangle Aor ; but theſe 
Triangles, being ſimilar, are to each other, as the Squares f 
their homologous Sides AB and Ae (20 El. 6.) : That is, the 
Spaces repreſented by the Triangles are to each other, as the 
Squares of the Times repreſented by the Sides. . E. D. 
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VI. Tus Spices, deſcrib 4 by falli 
in different Times, are as the "Squares bf the 
laſt acquir'd Velocities. For by 
Spaces are as the Squares of ce Ti and by 


d. 3. the Velocities are as the Times; there- 
fore the Spaces are alſo as the Squares of the; 
| Velocities: 


ede 


the 


* 


Spaces in two Minutes, and nine ade = 
the Propofition aſſert . 


VII. Tur Spage a Body aſſes over, from 4 


the Beginning of its Fall in any determinate 
Time, is half what it would deſcribe in the 


ſame Time moving uniformly with its laſt ac 


quir'd Velocity T. * Ga 


thrown” up ' perpendicularly, their Velocities 
decreaſe, as the Times they aſcend in increaſe; 


their Gravity ky by an equal Portion of 


their Velocity eyery Inſtant "of their Aſcent. 


* 


. This may alſo be mewn in che“ following Manner. Let 


the Triangle ABC (Fig. 4.) be divided into lefler anes, as, 


in Fig. 3 each N 700 to Dbr, which, repreſents the Space de- 
ferid's the falling Body in D65 the firſt Portion o Time; 


'tis 4 40 that, in bc the ſecond Portion of Time, there are 


three ſuch Triangles deſcrib'd, wiz. thoſe that lie between the 
Lines be and ts; in cd the third Portion of Time, five ſuch, 
viz, all between cs and at; in F thè next equal Portion of 
Time, ſeven ſuch, Ec. R 9 „ 


+ For let the Time be 4B, (Fig. 4.) and the laſt velocity 
BC, the Space the Body runs over, while it is acquiring that 
Velocity, is as ABC, but the Space it would paſs over in the 


Time AB, was it to move uniformly with the Celerity RC, is 
by the Theorem {Note pag. 25. ) as the Space n. double 


the former. 8 E. D. 
IX. Tas. 


VIII. In like Manner, * Bodies are 


* 
* 
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IX. . HE Heights Bodies riſe to, when 
2 pt re, 1. upwards, are. as the 
Squares of the Times ſpent from their firſt 
ſetting out, to the Moment they ceaſe to riſe. 
That is, if a Body i is thrown with ſuch a De- 
gree of Velocity, as to continue riſing twice as 
long as another, it ſnall aſcend four Times as 

+ high ; if thrice, nine Times as high, c. 

THEsE two are the converſe of the third 

and * ae Woe 


* 


i CHAP. ET 


1 0 F. the Deſcent of Bodies on oblique 
Planer, and of Pendulums. Fr" 


HEN a Body Jeden on an obli que 
: Plane, its Motion is continually acce- 
1 ted by the Action of Gravity, but in a leſs 
Degree, 3 when it deſcends perpendicular- 
ly; its free Deſcent in this Caſe being hin- 
der by the Interpoſition of the Plane : From 
+ whence it follows; that what was faid in the 
| laſt Chapter, concerning the perpendicular 
Deſcent of Bodies, is true of ſuch as fall on 
oblique Planes, Allowance being made for the 
Difference of Acceleration. | 
II. The Effect Gravity has upon a Body 
falling down an n oblique Plane, is to that Wien 
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Chap. VI. on oblique Plane. 29 
it exerts upon another falling freely, as"the »  " 
= . perpendicular Height of the Plane · is to = -* 
I Length * - 105 © 1 * 
III. THe Space, through which a Body * 
falls down the oblique Side of a Plane, is to 
that through which it would fall-perpendicu- 
larly in the fame Time, as the perpendicular * 
Height of the Plane is to its Length +. 
Fox the Space, a Body falls through in any 1 
determinate Time, "whether down an inclined 
Plane, or not, is as the Effect of the Gravity | 
with which it is acted upon during that Time; 
but the Gravity, with which a Body deſcends 
down the oblique Side of a Plane (by the 7 
| laſt Propoſition) is to that with which it falls 
perpendicularly, as the perpendicular Height 
of the Plane is to its Length: The Space there- 
fore, which a Body falls through obliquely, is to 


* Dem. Let AC (Fig. 6.) be the inclin'd Plane, the Body 
at A, and the Action of Gravity, whereby it endeavours to fall 
perpendicularly repreſented by the Line 4B ; let AD be per- 
pendicular to AC, AD will then repreſent the Direction by which 

the Plane acts upon the Body (for all Bodies act in Lines perpen= 
dicular to their Surfaces) let then thoſe two Forces be reſolved | 
into one in the Direction AC, (as ſhewn'in Note to h. 4. Chap. IV.) 
by compleating the Parallelogram BD, whoſe Diagonal'will be 
AG. In order to this BG muſt be let fall perpendicularly upon 
AC (that it may be parallel to the oppoſite Side of the Parallelo- 
gram AD) conſequently (8 Elem. 6.) AG is to 4B as AB to AC, 
that is, the Tendency of the Body down the Plane is to its 
perpendicular Tendency, as AB is to AC. Q. E. D. 1 
+ From this Propoſition it follows, that ſuppoſing BG (Fg. 6.) 
perpendicular to 4C, the Body would fall from 4 to C, in 
the ſame Time another would fall from thence to B, for, as 
as obſerved (Note the laſt) 4G is to AB, as 4B to AC. 
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30 . Hadies deſeending Part J. 
cht which it would paſs through perpendicular- 


ly in the-ſame. Time, alſo in that Proportion. 
IV. Tux Velocity, a Body acquires by fall- 
ing. perpendicularly, is to that which it ac- 
quires by falling obliquely in the ſame Time, 
that of its oblique. one . 1 
V. Tux Timk, in which a Body deſeęnds 
through the oblique Side of a Plane, is to that 
in which it falls through the r 7 


as the Space of ifs perpendicular Dęſcent is to 


| Height of the ſame, as the Length of. the ob- 
lique Side is to its Height TP. 


VI. A Bopy acquires the fe Feldcy in 


A 


falling down the oblique Side of a Plane, as 


9. 9 by the Note to Section the laſt, a Body falls to G, 


* 6.) in the ſame Time another falls to B, and (by Chap. V. 


7.) the Space, a falling Body paſſes over in any Time, is half 
that which it would run over in the ſame Time moving uniformly 


with its laſt acquir'd Velocity, it follows that the Body falling 


down the oblique Elane would paſs over double the Space 40, 


moving uniformly with its laſt acquir'd Velocity, in a Portion of 


Time equal to that in which it was acquir'd ; hkewiſe double 
the Space AB would be paſſed over by the other Body moving 
"uniformly, with its laſt acquir'd Velocity, in a Portion of Fime 


equal to that in which it was acquir'd ; but fince the Velocities 


of Bodies mòving uniformly are as the Spaces they run over in 
equab Times, the Velocity of the Bodies in & and Bare to each 
Other as double the Lines 4G and 4B, that is, as the Lines 


themſelves, which by F. 3. are as the Spaces run through in 


the ſame Time, from whence the Propoſition is clear. | 
t Dem. The Square of the Time in which 4C (Fig. 6.) is run 


cover, is to the Square of the Time in which 4G is run over as 


AC to 46, (by Chap. V. F. 4.) that is, ſince 40, AB, AG are 
continually proportional (8 E/em. 6.) as the Square of AC to the 
Squire of 4B (by Def. 10 Elem. 5.) therefore the Times them- 
(elves are as the Lines 40 and AB, that is, as the oblique Side 
of the Plane to the perpendicular Height. L. E. D. 1 
. | at 
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it would db, if it fell freely through. the per- 
1 pendicular Height *; it *. 5 
JF VIE A Body takes up the ſame Time ia 
— — fallin through he Chorl of a Circle, Whether 
it be long or ſhort, as it does in“ falling per⸗ 
1 1 through the Diameter of the ſame * 
| . * 
. + Circle F. * 

VIII. UPON this i 18 foupded. the They of 
4 Fendulums: 4 or from hence it follows, ** x 
A ſuppoſing a Pendulum could be made to vibrate 
in a Chord of a Circle, inſtead of an Arch, all 
its Vibrations would require the ſame Time, * 0 
whether they were large or {mall | 
IX. FxoM hence we ſee the Reaſon, why 33 
the ſhorter Arches a Pendulum deſcribes, 7 
Dem. The Square of the Velocity which a Body acquires by | * 
falling to G, is to the Square of the Velocity it acquires by fall- bs 
ing to C, as the Space 4G to the Space A0 (by Chap. V. * 
9.4.) that is (by 8 Elem. 6. and Def. 10. Elem. 5.) as AGg to 
A9; conſequently the Velocity itſelf at & is to the Velocity | 
*X itſelf at C, as AG to AB. But ſince 4G is run over in the ſame 
Time 48 is (ſee Note to b. 3.) the Velocity in G is alſo to the 0 


Velocity in B, as AG to AB, (by C. 4.) and conſequently ſince 
the Velocities both in C and B A. the ſame Proportion to 


0 that in &, they muſt be equal to each other. 2. E. DP). 
= +t Dem. It was demonſtrated (F. 3.) that a Body will fall 
from 4 to G, (Fig. 7.) on the inclin'd Plane 40, in the 


ſame Time another nya fall freely to B, provided AGB is a 
right Angle, in which Caſe 4G (by 31 Elem. 3.) is a Chord of 
| 8 that Circle of which 4B is the Diameter ;, therefore a Body falls 
« 3# through the Chord, c. Q. E. D. 


WE ＋ This may be illuſtrated by conceiving the laſt Figure in- 
verted (as in Fig. 8.) where ſuppoſing the Ball ſuſpended in 
"XZ ſuch a Manner, as to ſwing in the right Line G4 inſtead of 
the Arch G4, it would always fall through it in the ſame 
Time, however long or ſhort it was, for the Inclination of 


dhe Line G4 to the horizontal Line BC, is not alter'd by 1 in- 
= verting the Figure. 


nearer 
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znaearer. its Vibrations come, to an Equality; for 
5 Arches differ leſs from their Chords than 
* large ones. But if the Pendulum is miade to 

* ,vibrateina Curve, which Mithematiciahs call 
a Cychid; each Swing will then be perform'd 
.” In: whe Fame Time, whether the Pendulum 
moves rough a larger or leſſer Space. For 
8 the Nature of this Curve is ſuch, that the Ten- 
dency of a Pendulum towards the loweſt Point 
of it, is always in Proportion to its Diſtance 
from thence; and conſequently let that Diſtance 
be mofe or leſs, it will always be run over vy | 
| the Pendulum in the ſame Time . | 
. X. Taz Time of the Deſcent and Aſcent 

; of a Pendulum, ſuppoſing it to vibrate in the 
Chord of a Circle, is equal to the Time in 


ns 


; | „ Deſcription of a Cychid. ; 
| pon the right Line 4B, (Fig. 9.) let the Circle CDE be 
ſo placed, as to touch the Line in the point C, then let this Cir- 
cle roll along upon it from C to H, as a Wheel upon the Ground; 
then will the Point C in one Revolution of the Circle deſcribe 
the Curve CKH, which is called a Cycloid. Now ſuppoſe two 
Plates of Metal bent into the Form HK and KC, and placed in 
the Situation LH and LC, in ſuch Manner, that the Points H 

and C may be apply'd to L, and, the Points anſwering to K 
de apply'd to H and C. This done, if a Pendulum as LP, 
in Length equal to LH, be made to vibrate between the Plates 
or Cheeks of the Cylcoid LC and LH, it will ſwing in the 
Line CKH; and the Time of each Vibration, whether the Pen- 
dulum ſwings through a ſmall or a great Part of the Clycloid, 
will be to the Time a Body takes up in falling perpendicularly 
through a Space equal to IX, (half the Length of the Pendu- 
lum) as the Circumference of a Circle to its Diameter, and 
conſequently it will always be the ſame. See theſe Things de- 
monſtrated in the Appendix. 


1 Which 
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Chap. VI. . Pendulums. . 33 


which à Body falling freely would deſcend 
through eight Times the Length of the Pen- 
dulum. a VVV 
Fok the Time of the Deſcent alone upon 
the Chord is equal to that in which a Body 
would fall through the Diameter of the Cir- 
cle (by F. 7.); that is, twice the Length of 
the Pendulum: But in twice that Time (vs. 
during a whole Vibration) .the Body would 
fall four Times as far (Chap. V. F. 4.) that is, 
through eight Times the Length of the Penn 
dulum. 5 | 
XI. Tr Times, that Pendulums of diffe- 
rent Lengths perform their Vibrations in, are 
as the ſquare Roots of their Lengthss es. 
XII. Tux Center of Oſcillation, is a Point in 
which if the whole Gravity of a Pendulum 
was collected, the Time of its Vibration would 
not be alter d thereby 4 ; this is the Point from 
N . whence 


Dem. Let there be two Pendulums A and B (Fig. 10. and 
11.) of different Lengths, the Time the firſt vibrates in (ſuppoſe. 
through a Chord} is equal to the Time in which a Body 
would fall freely through DA, the Diameter of the Circle (as 
demonſtrated F. 7.); in like Manner the Time B vibrates in is 
that in which a Body would fall through FB. Now the Times 
in which Bodies fall through different Spaces are as the ſquare 
Roots of thoſe Spaces, that is, of DA and FB, or of their 
8 CA and CB, i. e. of the Lengths of the Pendulums. 

„„ ©. | | 


+ The Rule for finding the Center of Oſcillation. 
If the Ball 4B (Fig. 12.) be hung by the String CD, whoſe 
Weight is inconſidetrable, the Center of Oſcillation is found thus: 
ſuppoſe 
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whence the Length of a Pendulum is mea- 
ſured, which in our Latitude, in a Pendulum 
that {wings Seconds, is thirty-nine Inches and 
two Tenths. | 
XIII. Tue Squares of the Times in which 
Pendulums, acted upon by different Degrees 
of Gravity, perform their Vibrations in, are 
to each other, inverſly as the Gravities “. 

FROM whence it follows, that a Pendulum 
will vibrate flower when nearer the Equator, 
than the ſame when nearer the Poles; for 


the 


ſuppoſe E the Center of the Globe, take the Line K of ſuch a 
Length, that it ſhall bear the ſame Proportion to ED as ED 
to EC, then EH being made equal to + of K, the Point H ſhal! 
be the Center of Oſcillation. 3 

If the Weight of the Rod CD be too conſiderable to be ne- 
pleted, divide CD (Fig. 13.) in I, ſo that DI may be equal to 
+ of CD, and make a Line as G, in the ſame Proportion to CI, 
that tne Weight of the Rod bears to that of the Globe, then 
having found # the Center of Oſcillation of the Globe, as be- 
fore, divide IH in L, fo chat II. may bear the ſame Proportion 
to LH, as the Line CH bears to the LineG; then will L be 
the Center of Oſcillation of the whole Pendulum. See the Me- 
thod of finding a general Rule for determining the Center of 
_ Oſcillation in all Caſes whatever, in the Appendix. 


Dem. The Spaces falling Bodies deſcend through, are as 
the Squares of the Times, when the Gravity by which they 
are impell'd is given (Chap. V. $.4.) ; and as the Gravity 
waen the Lime is given(for the Sum of the Velocities produced 
in any Time will always be as the generating Forces:) Conſe: 
quently, when neither is given, they are in a Ratio compound- 
edof both; the Squires of the Times are therefore inverſly as 
the Gravities. [Ter if in 3 Puantitics a, b, c; a is as b c, 


ö , - . * . Y | u . - 
then b: , i. e. Fals gixen, as — or as C ixverſy.] But if 
C Cc 


the 
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the Gravity of all Bodies is leſs, the nearer 
they are to the Equator; vis. on Account of 
the ſpheroidical Figure of the Earth, and its 
Rotation about its Axis, as will be explained 
hereafter. To which we may add the Increaſe 
of the Length of the Pendulum occafioned by 
the Heat in thoſe Parts; (for we find by Ex- 
periment, that Bodies are inlarged in every 
Dimenſion in Proportion to the Degree of 
Heat that is given them ;) for which Reaſon 
(F. 11.) the Vibrations of the Pendulum will 
alſo be ſlower, 


Of Projectiles. 
BO D V, projected in a Direction pa- 
* ralle] or oblique to the Horizon, would 


proceed on in infinitum in a right Line (by 
the firſt Law of Nature;) but being continually 


accelerated toward the Earth by its Gravity, it 


will deſcribe a Curve called a Parabola *. 


the Squares the Times, in which Boilies fall through given 
Spaces, are inverſly as the Gravities by which they are ated 
upon; then the Squares of the Times, in which Pendulums of 
equal Lengths perform their Vibrations, will be alſo in the 
ſame Ratio, on Account of the conſtant Equality between the 
Time of the Vibration of a Pendulum, and of the Deſcent 

of a Body through eight Times its Length (F. 12.) | 
Dem. Let us {uppole the Body thrown from A in the 
Direction 4B horizontally (Fig. 14.) or obliquely (Fig. 15.) it 
would (if not attracicd towards the Earth) move unformiy 
Is, from 
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from 4 towards B, that is, in equal Times it would deſeribe 
equal Parts of the Line AB, as AC, CD, DE, &c. but, if in 
the firſt Portion of Time, while it would move from A to 
C, it would have deſcended from A to G by its Gravity, had it 
only been let drop from thence; it will by a Compoſition 
of theſe two Motions (Chap. IV. F. 2.) at the End of that 
Time be found in H, the oppolite Angle of the Parallelo- 
gram ACGH. Then in twice that Time, wiz. while it would 

ave moved over two equal Portions, or from 4 to D, it 
would fall downwards to M, four Times as far as before (Chap. 


V. C. 4.) and will therefore be found in 7, ſuppoſing DI 


equal and parallel to AM. Then again in three Portions of 

Time, or while it would have moved over three Diviſions, 
that is from A to E, it would have fallen downwards nine 
Times as far as in the firſt Portion of Time, and therefore be- 
ing carried by theſe two Motions will at the End of that 
Time be found in K, ſuppoſing EX, or its equal AN, nine 
Times as long as AG or CH, &c. Therefore the Lines CH, 
DI, EK, &c. which are to each other as the Numbers 1, 4, 
9, &c. are as the Squares of the Lines 4C, AD, AE; (theſe 
being only as the Numbers 1, 2, 3.) But this is the Pro- 
perty of the Parabolic Curve. (See De L' Hoſpital, B I. Prop. 1. 


Corol. 2. and Prop. 3. Corol. 1.) Confequently the Curve 


AHK, &c. which the Body moves in, whether thrown hori- 
zontally or obliquely, is a Parabola. 2. E. D. 
Lemma 1. The Quotient which ariſes from the Diviſion of 

my Square of the Line AC by the Line 4G, wiz. the Quantity 
wes BY; 


— (in either of the Parabolic Curves, (Fig. 14. or 15.) or 


the Square of the Line 40 divided by AM, wis. =, or 
the Square of AE divided by AN, wiz. 2, is equal to the 
Parameter of the Point 4, for GHq is equal to AG multiplied 


by the Parameler (De L' Hoſpital Con. Sect. B. I. Prop. 1 & 3.) 
therefore the Parameter is equal to GHy divided by AG, that is, 


= The ſame is demonſtrable of 4D divided by AM, &c. 


and conſequently any of theſe Quantities may be indifferently 
put to expreſs the Parameter of the ſame Point. 


Lemma 2. The Velocity a Body would acquire by falling 


from an Height equal to the fourth Part of the Parameter of 
the Point 4, is to the Velocity it would acquire by falling 


from Ato A, as AE is totwice AN. Dem, 
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Dem. Since we are comparing the Velocity, which a Body 
would acquire by falling through a fourth Part of the Parame- 
. | AE; 

ter, with that which it would require by falling to NV, let 5 
be made choice of to denote the Parameter. Then 21 will ex- 
preſs a fourth Part of the Parameter. Now becauſe the Ve- 
locities, acquir'd by falling Bodies, are as the ſquare Roots of 
the Spaces they fall through. (Chap. V. 5. 6.) the Velocity, ac- 


quir'd by a Body in deſcending through =, is tothat Velo- 
city, which it would acquire by falling through AN, as the : 
ſquare Root of 7 to the ſquare Root of AN; that is, ex- 


LAE 
AN 
and, multiplying each Term by / AN, as {AE to AN, or as 
AE to twice AN. Q. E. D. 1 „ 
Prop. The Velocity a Body ought to be projected with, to 
make it deſcribe a given Parabola, is ſuch as it would acquire 
by falling through a Space equal to the fourth Part of the 
Parameter belonging to that Point of the Parabola, from whence 


to Y AN, 


tracting the Roots of thoſe Quantities, as 


it is intended to be projected. | 

Diem. The Velocity with which a Body muſt be projected 
from A towards B, to make it deſcribe the given Parabola 
Alk, muſt be ſuch, as would carry it to C by an uniform 
Motion, in the ſame Time that it would deſcend by its Gra- 
vity from 4 to G; and to E, in the Time it would fall to 
N, &c. as was before obſerved. Now the Velocity, with whica 
the Line AE is deſcribed with an uniform Motion, is to that 
which is acquired by the Body in falling to N in the ſame 
Time, as AE js to twice AN; becauſe (Chap. V. §. 7.) its Velo- 
City in N would have carried it over twice AN in that Time, 
had it alſo been uniform. But by Lemma 2. the Velocity a 
Body would acquire, by falling through a Space equal to a fourth 
Part of the Parameter of the Point 4, is to that which it 
would acquire by falling from 4 to NM, alſo as AE to twice 
AN, Since therefore. the Velocity, with which the Line 4E 
is deſcribed (or, which is the ſame Thing, that whereby the 
Body is projected) and that which a Body would acquire by 
falling through a fourth Part of the Parameter of the ro | 
3 Ry Ty 


— arr nib, eo — — 
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A, bear one and the ſame Proportion to that Velocity which 
a Body would acquire by falling from A to N, they mult be 
equal. Q. E. D. 

Coroll. This affords us an eaſy Method of finding what Di- 
rection it is neceſſary to throw a Ball in with a given Ve- 
Jocity, in order to ſlrike an Object in a given Situation, v. g. 
Let it be required to ſtrike an Object as X, with a Ball thrown 
from A with a given Velocity. Here it is only neceſſary to 


make the Triangle ANX (ſuppoſe a right Line drawn from 


A to X) ſuch, that _— , or which is the ſame Thing, Ta 


AN EK. 

the Triangle AEK, may be equal to four Times the Space a 
Body mult fall through. to acquire ſuch a Degree of Velocity as 
that with which it is intended to be thrown, and then AE will 
be the Direction ſought. In order to this we muſt lay down 
the following Lemma. 

Lemma. Let there be a Circle as ABC (Fig. 16.) Aka Tangent 
in the Point 4, AB and KI parallel to each other, and let 


AEg — 1B 


For the Angle ABE is equal to the Angle EAXK (32 Elem. 3) 

and the Angle BAE is equal to the Angle AEX as alternate, 
therefore the Triangles 4BE and AEK are ſimilar; conſe- 
quently AB is to Ak, as AE to EX, and multiplying the 
extreme Terms together, and middle Terms together, AB X 
EX = AA], and dividing both Sides of the Equation by ER, 


48 = 55 Q. E. D. By the ſame Method of arguing 


4a may be proved equal to 48. 


the other Lines be drawn, as in the Figure, I ſay 


The PROBLEAu. 


Let it be requit'd to ſtrike an Object in a given Situation as K 

(Fig. 17.) with a Ball projected from A with a given Velocity. 
Solution. Erect A B perpendicular to the Horizon, and 
equal to four Times the Height a Body muſt fall from, to ac- 
quire the Velocity with which the Ball is to be thrown ; biſ— 
ſect this in the Point C, through which draw HC perpendi- 
cular to 4B, and meeting the Line 4C (perpendicular. to 
AK) in C. On C as a Center with the Radius CA, deſcribe 
the Circle ABD ; laſtly, throvgh X draw the Line KEI per- 
| pendicular 
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II. THe greateſt horizontal Diſtance, to 
which a Body can be thrown with a given Ve- 
locity, is at the Elevation of 45 Degrees *. 
III. Is. two Balls are thrown at different 
Elevations (but with equal Degrees of Velo- 
city) the one as much above forty-five De- 
grees as the other below, the horizontal Dif- 


tances (or Randoms) where they both fall, 
will be the ſame . 


/ 


IV, Tun 


pendicular to the Horizon, cutting the Circle in the Points E and 
{; I ſay AE or AI will be the Direction ſought. 


For by the Lemma, AB = AK or ay but (ex conflructio- 
EK 1K ; 


xe) AB is equal to four Times the Height a Body muſt fall 
from, to acquire the Velocity with which it is to be thrown, 


therefore its Equal, 2 cr, is the ſame, which by the Co- 
1 


rollary was the Thing requir'd to determine the Direction ſought; 
conſequently the Parabola, which the Body will deſcribe, will 
Paſs through the Point K. Q. E. D. | 

Coroll. 1. From hence it is evident, that, if the Object to 
be ſtruck be placed any where in the horizontal Line 40 
(Fig. 18.) beyond ©, the Problem is impoſſible; for then A 
will not touch the Circle, and the Ball will nor reach that Point 
with any Direction whatever, 5 


* And that when the Ball is diredted towards H, it will 
fall on 2 the greateſt Diſtance it can poſſibly be thrown to; 
but the Angle 2 4 H being equal to 45 /7 in the oppoſite 
Segment (32 Elem. 3.) is equal to half 46 Hat the Center 
(20 Elm. 3.) which is a right one; conſequently 24H is an 
Angle of 45 Degrees. | 


+ Coroll. 2. If the Object is Situated in the horizontal Line 
AO (Fig. 19.) but nearer.to 4, than the greateſt horizontal 
Diſtance at which it may be ſtruck, ſuppoſein K; the tao 
Directions AE and Al, with which it may be hit, are equally 

C 4. 5 diſtan: 


. 
|! 
| 
h 
4 


1 


an equal Charge. 
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IV. Tur Height a Body will riſe to, when 
thrown perpendicularly upwards, is equal to 


half the greateſt horizontal Diſtance it can be 
throw to, with the ſame Velocity “. 


FROM hence we may eaſily know how far 
a Mortar-Piece, or other ſuch Machine will 
carry a Ball. Let the Ball be ſhot perpendi- 
cularly upwards, note the Time of its Aſcent 


and Deſcent, half that is the Time of Deſcent, 


from whence we learn the Height from which 


it falls (for Bodies are obſerved to fall in the 
firſt Second of Time fixteen Feet) conſequent- 


ly in two Seconds they fall four Times fixteen 


Feet (Chap. V. F. 4.) in three, nine Times as 


much, Sc. but the perpendicular Height from 
whence it falls is the ſame with that to which 
it aſcended, conſequently (F. 4.) the double of 
this is equal to the greateſt horizontal Diſtance 
to which that Machine will carry the Ball with 


4 


diſtant from the Direction AH; for the Angles IAH and 


HAE are equal, as inſiſting on equal Arches IH and HE, 
(28 Elem. 3.) | | | 


* Coroll. 3. The Altitude of a perpendicular Projection is 
equal to a fourth Part of the Height 4B ; for the Velocity, 
with which the Body is projected, is (ex hypoth.) ſuch as it 
would acquire by falling through a fourth Part of the Line 4B; 
but a fourth Part of the Line 4B is equal to half the Line 
GH, or 42 (Fig. 18.) that is, half the greateſt horizontal 
Diſtance to which the Body can be thrown. 

See Cotes's Harmonia Menſurarum, p. 87. Kei7s Introduct. 
ad Phyſ. Præl. 16. one! os 
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Chap. vn.  Projeftiles. AT 
V. Tux Randoms of two Projectiles, hay- 
ing the ſame Degrees of Elevation, but thrown 
with different Velocities, are as the Squares of 
the Velocities : For by the laſt, the Randows 
are equal to double the Heights to which the 
Bodies thrown perpendicularly upwards will 
aſcend, but the Heights are (Chap. V. F. 6.) 
as the Squares of the Velocities, therefore the 
ERandoms are ſo too. 

Vl. Supposincg the Motion of the Earth, 

all Bodies, when thrown perpendicularly up- 
= wards, deſcribe Parabold's ; notwithſtanding 
they appear both to aſcend and deſcend in the 
| fame right Line. 

FF Txr1s may very eaſily be iluſtrated in the 
following Manner; let there be a Body car- 

ried uniformly along the Line AB (Fig. 20.) 
by the Motion of the Earth from A towards 
B; as it paſſes the Point C, let it be projected 
upwards, by ſome Force acting underneath it 
in the Direction CO perpendicular to the for- 
mer: The Body will not thereby loſe its Mo- 
tion, which it had in common with the Earth, 

towards B (by the firſt Law of Nature) but 
will be carried by two Motions, one towards 
= B, the other towards O; let us then ſuppoſe, 
W that in the Time it would have advanced for- 
W wards to P in the Line AB, it riſes upwards to 
M in the Line CO; it will then be found 
in D (Chap. IV. §. 2.) In like Manner, ſup- 
poſing it would have advanced forward to 2 
7 while 
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while it riſes to N, it would then be found in 
E, afterwards in F, then in G, &c. deſcribing 
the Curve CGL, which (from what was de- 
monſtrated under \. 1.) is a Parabola *. 

THe Reaſon, why it cappears to a Spectator 
to riſe and fall perpendicularly, is becauſe he is 
carried uniformly along with it by the Motion 
of the Earth in the Direction AB; v. g. Sup- 

poſe the Spectator at C at the Inſtant the Body 
is thrown from thence, when it arrives at D, he 
will be moved to P, when the Body is at E he 
will be at Q, Sc. as is evident from what was 
obſerved about the Motion of the Body in the 
Curve; and they will both meet in L. There- 
fore ſince the Spectator imagines himſelf ſtand- 
ing ſtill, and ſees the Body always perpendicu- 
larly over his Head, he muſt of Courſe think, 
that it riſes right up, and falls right down. 


Ir may be proper to obſerve here, that Ex- 
periments, relating to the Motion of projected 
Bodies, do not exactly anſwer the Theory, 

the Reſiſtance of the Air deſtroying Part of 
their Motion; for which a ſmall Allowance is 
to be made. 1 FOB 


Dem. Suppoſe the Motion the Body had in common with 
the Earth. towards B (Fig. 21.) and that with which it is 
projected towards O, ſuch, as being compounded (Chap. IV. H. 2. 
would have produced a Motion in the Direction CX; it will 
follow from thence, that the Path deſcribed by, it will be the 
ſame, as if it had been thrown in that Direction from a Point 

as C at Reſt; but in that Caſe it would have deſcribed a Pa- 
rabola as CGL (F. I.) therefore alſo in this. Q. E. D. 


CHAP. 
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HAF. VIII. 


Centripetal and Centrifugal Forces. 


THEN a Body i is projected in an ho- 

rizontal Direction, and by its Gravity 
made to deſcribe a Parabola, as demonſtrated 
Chapter the laſt ; the Curvature of that Para- 
bola will vary in Proportion to the Velocity 
with which the Body is thrown, and the Gra- 
vity which impels it towards the Earth. . For 
the leſs its Gravity is in Proportion to the 
Quantity of Matter it contains, or the greater 


| the Velocity is with which it is projected; the 


leſs it will deviate from a ſtraight Line, and 
the further it will go, before it falls to the 
Earth. For Inſtance, if a Bullet be ſhot out 
of a Cannon from the Top of a Mountain 
with a given Velocity in an horizontal Direc- 
tion, and goes in a Curve Line, ſuppoſe to 
the Diſtance of two Miles from the Foot of the 
Mountain before it falls to the Ground; 
the ſame Bullet, ſhot with a much greater Ve- 
locity, would fly to a much greater Diſtance 
before its Fall. And by increaſing the Velo- 
city, the Diſtance to which it is projected may 
be increaſed as much as you pleaſe; ſo that 
it will not fall to the Ground, till it :3 arrived 
at the Diſtance of ten, or thirty, or ninety 
Degrees; or till it has even ſurrounded the 
whole 
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whole Earth, and arrives at the very Top of 
the Mountain from whence it was projected: 
In this Caſe it will perform a ſecond Revolu- 

tion, and ſo on in inſinitum, without a new 
Projection, provided the Reſiſtance of the Air 
is taken away. And were the Sphere of the 
Earth's Attraction a limited one, it might be 
projected with ſuch Violence, that it would 
continually recede from the Earth in a Curve, 
till at length it would go out of that Sphere; 
after which it would go on in a ſtraight Line 
without ever returning. Which may thus be 
iluſtrated. 

LET ABC (Fig. 22.) repreſent the Earth, 
M the Top of the Mountain from whence 
the Body is projected in the Direction MQ: 
It may be thrown with ſuch Force as to carry 
it to B before it falls, or to C, or even to go 
round to M, deſcribing the Circle MDM; 
or laſtly, it may be made to deſcribe the Curve 
MO, by which Means, if it gets out of the 
Sphere of the Earth's Attraction, ſuppoſe at O, 
it will go on afterwards in the infinite ſtraight 
Line OX, there being nothing to ſtop or alter 
its Courſe. Farther it may be projected with 
ſuch a Force from M (Fig. 23.) as will cauſe it 
continually to recede from the Earth, till it ar- 
_rives at the oppoſite Point G, deſcribing the 
Curve MKG; and if the Point G 1s within the 
Sphere of the Earth's Attraction, the Body will 


return to M, Geſcribing the Curve GLM ex- 
ally 
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actly ſimilar to MKG; and in moving nearer 
and nearer to the Earth, till it comes to M, will 
regain what Velocity it loſt in going from M 
to G, its Gravity conſpiring with its Motion 
from G to M in the fame Degree in which it 
oppoſed it from M to G; conſequently the 
Body when at M, having recovered the Velo- 
city with which it ſet out, will be enabled to 
perform a ſecond Revolution in the ſame Curve 
as before; and ſo on. 

Ac Alx, ſuppoſe it had been projected from 
the Point M, with a leſs Degree of Force than 
would have carried it round in the Circle 
MDM (Fig. 22.) but greater than would have 
ſuffered it to have fallen to the Earth at the 
oppoſite Point F (Fig. 23.) it would alſo in 
this Caſe have arrived at be Point of M, from 
whence it ſet out; for the Exceſs of Veloci 
it would have gained in F, by its Tendency 
towards the Earth in its Way thither, over and 
above that, with which it was projected from 
M. would be ſufficient to carry it off again 
from the Earth, till it arrived at M; and to 
make it dafcribe the Path FPM exactly ſimi- 
lar and equal to the former, loſing in its Way 
from F to M juſt fo much Velocity, as it gain- 
ed by paſſing from M to F; and thereby it 
would be enabled to perform an infinite Num- 
ber of Revolutions in the ſame Curve, with- 
out requiring a ſecond Projection. 


FROM 
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FROM hence it follows, that ſuppoſing a 
Body projected from a Point at any Diſtance 
within the Sphere of the Earth's Attraction, 
with a Force ſufficient to carry it half round 
without falling to the Surface, it is impoſſible 
it ſhould fall upon any Part of the other half; 
but will return to the Point from whence it 
ſet out, making continual ſucceſſive Revolu- 
tions in the ſame Curve; provided it meets 
with no Reſiſtance from the Medium through 
which it paſſes, nor any other Obſtacle to ob- 
{tru its Motion *. "ON 

From hence 45 it is clear, that, the nearer 
the revolving Body approaches to the Earth, 
the faſter it moves: Its Velocity being conti- 
nually increaſed during the Time of its Acceſs 
towards the Earth, and as much retarded du- 
ring its Receſs from it. And this Accelera- 


tion and Retardation will always be ſuch, that 
the Body will deſcribe equal Areas in equal 


Times : The Meaning of which 1s, that if we 
imagine a Line conſtantly extended from the 
Center of the Earth to the Center of the 
Body, that Line will always deſcribe or paſs 
through equal Surfaces or Spaces in equal 


* Gravity is here fuppaled to be ni as the Squares of 
the Diſtance from the Earth, for 'tis poſſible that the Force, 
by which a Body tends towards another, may vary in ſuch a 


Manner at different Diſtances, that the projected Body ſhall 


deſcribe a ſpiral Line, contiovally approaching to, or receding 
from, that about which it revolves: 


Times, 
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Times, for it conſtantly becomes ſhorter the 
faſter it moves, and vice verſd *. g 

. AND for the ſame Reaſon that a Body, pro- 
jected with a ſufficient Velocity, may by the 
Force of Gravity be made to deſcribe a Curve 
round the Earth, and perform continual ſuc- 
ceſſive Revolutions therein; it follows, that 
the Moon may by the ſame Force of Gravi- 


* Dem, Let the Time in which the Body performs one Re- 
volution be divided into equal Parts, in the firſt of which let 
the Body deſcribe the right Line 4B (Fig. 24.) in the ſecond 
Part of Time, if not prevented, it would go ſtraight on to c, 
deſcribing the Line Bc equal to AB by the firſt Law of Na- 
ture; the Lines S4, SB, Sc being drawn, the Triangles SBA, 
ScB, will be equal to each other, their Baſes 4B and Be be- 
ing equal, and their Heights & the ſame (38 Elem. 1.) When 
the Body arrives at B, let the centripetal Force by one ſingle 
Impulſe turn it out of the ftraight Line Be into the Line BC; 
in which let it move on uniformly without receiving a ſecond 
Impulſe till it comes to C. Let Ce be drawn parallel to S B, 
meeting BC in C; then at the End of the ſecond Part of Time, 
the Body will be found in C, having deſcribed the Diagonal 
of the Parallelogram Ne, (Chap. IV. F. 2.) Draw SC, and the 
Triangle SCB will be equal to the Triangle ScB, (each hav- 
ing the ſame Baſe $ B and being between the ſame Parallels 
Cc and S B) and therefore alſo equal to the Triangle S BA. 

For the ſame Reaſon, if the centripetal Force acts in the Points 
C, D, E, ſucceſſively, ſo as to make the Body deſeribe the 
ſtraight Lines CD, DE, EF, &c. in ſo many equal Parts of 
Time, the Triangles SCD, SDE, SEF, &c. will be all equal 
to one another and to the Triangle 8283. Conſequently equal 
Areas are deſcribed in equal Times, Let us then ſuppoſe the 
Baſes of thoſe Triangles, viz. AB, BC, CD, DE, &c. di- 
miniſhed i infnitum, and likewiſe the Times in which they 
are deſcribed; then will the Perimeter 4, B, C, D, E, F, 

& c. become a Curve, and any Number of thoſe Triangles taken 
together (or their Areas) will be proportionable to the Times 
in which they are deſcribed. ©. E. O. 


E 
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ty be made to revolve about the Earth, or any 
other Planet, by the like Force, about the *' 
Sun; if the Velocities with which they move 
are duly adjuſted to the Forces by which they | | 
are ated upon. N 

Wurd a Body revolves about another in 
this Manner, that Force or Power by which it 
is prevented from flying off (as it otherwiſe 
would do in a Tangent to the Curve which it 
deſcribes) is call'd the Centripetal ; the Coun- 
ter- action of this, by which it endeavours to 
fly off, the Centrifugal theſe, by the third 
Law of Nature, being equal to each other, 
are called by one common Name, Central 
Forces; that with which the Body is at firſt 
projected, or continues its Motion from any 
Point, is the Proje#ile Force; and the Time 
in which it performs one Revolution, the Pe- 
riodical Time. 

Trest Forces, properly relating to the Mo- 
tions of the Heavenly Bodies, will be more 
largely treated of in the fourth Part of this 
Treatiſe. 


C H A P. IX. 
07 the Communication of Motion. 


E FO RE we proceed to explain the 
Laws, by which Bodies communicate 


their Motion from one to another, it is very 
neceſlary 
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neceffary to make a Diſtinction between Motion 
and Velocity; which ought to be well obſerv d, 


and is as follows. 
| By the Motion of a Body (fometimes called 


its Quantity of Motion, ſometimes its Momen- 


tum) is not to be under ſtocd the, Velocity only, 
with which the Body moves ; but the Sum of 
the Motion of all its Parts taken together : 


— Conſequently the more Matter any Body con- 


tains, the greater will be its Motion, though 
its Velocity remains the ſame. Thus, ſuppoſing 
o Bodies, one containing ten Times the Quan- 

of Matter the other does, moving with 
4100 Velocity; the greater Body is ſaid to 
have ten Times the Motion, or Momentum, 


that the other has: For 'tis evident, that a 


tenth Part of the larger has as much, as the 
other whole Body. In ſhort, that Quality in 
moving Bodies, which Philoſophers underſtand 
by the Term Momentum or Motion, is no 
other than what is vulgarly called their Force, 
which every one knows to depend on their 
Quantity of Matter, as well as their Velocity. 
This is that Power, a moving Body has to affect 
another in all Actions that ariſe from its Mo- 
tion, and is therefore a fundamental Principle 
in Mechanics. 

II. Now, ſince this om, or Force, 
depends equally on the Quantity of Matter a 


Body contains, and on the Velocity with which 
it moves; the Method, to determine how 


8 great 
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great it is, is to multiply one by the other. 
Thus, ſuppoſe two Bodies, the firſt having 
twice the Quantity of Matter, and thrice 
the Velocity, which the other has ; any two 
Numbers, that are to each other as two to one, 
will expreſs their Quantities of Matter (it be- 
ing only their relative Velocities and Quanti- 
ties of Matter which we need conſider) and 
any two Numbers that are as three to one 
their Velocities; now multiplying the Quan- 
tity of Matter in the firſt, v2. two by its Ve- 
locity three, the Product is fix; and multi- 
plying the Quantity of Matter in the ſecond 
by its Velocity, vis. one by one, the Product 
is one; their relative Forces therefore or Pow- 
ers will be at fix to one, or the Moment of one 
is ſix Times greater than that of the other. 
Again, if their Quantities of Matter had been 
as three to eight, and their Velocities as two to 
three, then would their Moments have been as 
ſix to twenty- four, that is, as one to four. 

T nis being rightly apprehend, what fol- 
lows, oncerning the Laws of the Communica- 
tion of Motion by Impulſe, and the mechani- 
cal Powers, will be ealily underſtood. 


The Communication of Motion. 


I. In Bodies not Elaſtic. 


| III. Tnosk Bodies are ſaid to be not Elaſ- 
ti, which, when they ſtrike againſt one ano- 
ther, 
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ther, do not rebound, but accompany one 
another after Impact, as if they were joined. 
This proceeds from their retaining the Impreſ- 
ſion, made upon their Surfaces, after the im- 
preſſing Force ceaſes to act. For all rebound- 
ing is occaſioned by a certain Spring in the 
Surfaces of Bodies, whereby thoſe Parts, which 
receive the Impreſſion made by the Stroke, 


immediately ſpring back, and throw off the 


impinging Body; now, this being wanting in 
Bodies void of Elaſticity, there follows no Se- 
paration after Impact. | 

IV. Wu one Body i impinges on another. 
which is at Reſt, or moving with leſs Velocity 
the ſame Way, the Quantity of the Motion 
or Momentum in both Bodies taken together 
remains the ſame after Impact, as before; for. 
by the third Law of Nature, the Reaction of 
one being equal to the Action of the other, 
what one gains, the other muſt loſe. 

Tuus, ſuppoſe two equal Bodies, one itti- 
pinging with twelve Degrees of Velocity on 
the other at Reſt: The Quantities of Matter in 
the Bodies being equal, their Moments and 
Velocities are the fame; the Sum in both 
twelve; this remains the ſame after Impact 
(F. 4.) and is equally divided between them 
(F. 3.) they have therefore ſix a- piece, that is, 
the impinging Body communicates half its 
N and 50 half. 
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V. Wurd two Bodies impinge on each 
other by moving contrary Ways, the Quantity 
of Motion, they fetain after Impact, is equal 
to the Difference of the Motion they had be- 
fore; for by the third Law of Nature, that, 
which had the leaſt Motion, will deſtroy an 
equal Quantity in the other, after which they 
will move together with the Remainder, that 
is the Difference. „ 
FTuvus for Inſtance, let there be two equal 
Bodies moving towards each other, the one 
with three Degrees of Velocity, the other with 
five, the Difference of their Moments or Velo- 
cities will be two; this remains the ſame after 
Impact (F. 5.) and is equally divided be- 
tween them (F. 3.) they have therefore one 
a- piece: That is, the Body, which had five 
Degrees of Velocity, loſes three, or as much as 
the other had, communicates half the Remain- 
der, and keeps the other half “. 


* From theſe Poſitions it is eaſy to reduce 4 Theorem, that 
ſhall ſhew the Velocity of Bodies after Impact in all Caſes what- 
ever. Let there be two Bodies A and B, the Velocity of the firſt 
a, of the other b, then (F. 2.) the Moment of 4 will be ex- 
preſſed by Aa, and of B by Bb; therefore the Sum of both 
will be Aa B&H; and Aa- BC will be the Difference when 
they meet. Now theſe Quantities (by F. 4. and 5.) remain the 
ſame after Impact; but knowing the Quantities of Motion and 
Quantities of Matter, we have the Velocity (which f. z. is the 


ſame in both) by dividing the former by the latter (as follows 
from F. 2.) therefor: 4 or A will in all Caſes ex. 


preſs the Velocity of the Bodies after Impact. 


II. In 
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II. In Elaſtic Bodies. 


VI. Bopixs perfectly Elaſtic are ſuch as re- 
bound after Impact with a Force equal to that 
with which they impinge upon one another : 
Thoſe Parts of their Surfaces, that receive the 
Impreſſion, immediately ſpringing back, and 
throwing off the impinging Bodies with a 
Force equal to that of Impact. 

VII. FRo hence it follows, that the Action 
of Elaſtic Bodies on each other (that of the 
Spring being equal to that of the Stroke) is 
twice as much as the ſame in Bodies void of 
Elaſticity. Therefore, when Elaſtic Bodies 
impinge on each other, the one loſes, and 
the other gains twice as much Motion as if 
they had not been Elaſtic; we have therefore 
an eaſy Way of determining the Change of 
Motion in Elaſtic Bodies, knowing firſt what 
it would have been in the ſame Circumſtances, 
had the Bodies been void of Elaſticity. 

Tus, if there be two equal and Elaſtic 
Bodies, the one in Motion with twelve De- 
grees of Velocity i impinging on the other at 
Reſt, the impinging Body will communicate 
twice as much Velocity as if it bad not been 
Elaſtic, that is (by 8. 4.) twelve Degrees, or 
all it bad; confequentip it will be at Reſt, and 
the other will move on with the whole Velo- 
city of the former. 


bs vm. IT 
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VIII. Ir ſametimes happens, that in Bodies 
not Elaſtic, the one loſes more than half its 
Velocity, in which Caſe, ſuppoſing them E- 
laſtic, it loſes more than all; that is, the Ex- 
ceſs of what it loſes, above What! it has, is ne- 
gative, or in a contrary Direction; thus, ſup- 
poſe the Circumſtances of Impact ſuch, that a 
Body, which has but twelve Degrees of Velo- 
city, loſes ſixteen; the overplus four is to be 
taken the contrary Way, that is, the Body will 
rebound with four Degrees of Velocity. v. g. 
Let it be required to dętermine the Velocity 
of a Body after Impact againſt an immoveable 
Object, Let us firſt ſuppoſe the Object and 
Body both void of Elaſticity: Tis evident the 
impinging Body would be ſtopp'd or loſe all its 
Motion, and communicate none ; if they are 
Elaſtic, it muſt loſe twice as much (by F. 7.) 
and conſequently will rebound with a Fares 
equal to that of the Stroke, 

IX. IT is ſufficient if only one of the Bo- 
dies is Elaſtic, provided the other be infinitely 
hard ; for then the Im preſſion in the Elaſtic 
Body will be double of what it would have 
been, had they both been equally Elaſtic: And 
conſequently the Force with which they re- 
bound, will be the ſame as if the Imprci®on 
Th been equally divided between the two 

odies, | 

X. Tux are no Bodies, that we know 
| of, either ga Elaſtic, or infinitely hard; 


the | 
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the nearer therefore any Bodies approach to 
Perfection of Elaſticity, ſo much the nearer do 
the Laws, which they obſerve in the mutual 
Communication of their Motion, approach to 
thoſe we have laid down. 
Xl. Sir IsAAc NEwWTON made Trials with 
feveral Bodies, and found that the ſame De- 
gree of Elaſticity always appeared in the ſame 
Bodies, wich whatever Force they were ſtruck, 
ſo that the Elaſtic Power, in all the Bodies he 
made Trial upon, exerted itſelf in one conſtant 
Proportion to the compreſſing Force. He found 
the Celerity with which Balls of Wool, bound 
up very compact, receded from each other, to 
bear nearly the Proportion of five to nine to the 
Celerity wherewith they met; and i in Steel, he 
found nearly the ſame Proportion; in Cork the 
Elaſticity was ſomething leſs, but in Glaſs 
much greater; forthe Celerity, with which Balls 
of that Material ſeparated after Percuſſion, he 
found to bear the Proportion of fifteen to ſix- 
teen to the Celerity wherewith they met &. 
XII. W have hitherto ſappoſed the Di- 
rection, in which Bodies impinge upon one 
another, to be perpendicular to the Surfaces: 
When it is not ſo, the Force of Impact will 
be leſs, by how much the more that Direction 
varies Fenn the Perpendicular ; for it is ma- 
piſcſt that a direct Impulſe is the greateſt of all 


Ml Newt: Princip. Phil. pag. 21. | 
— 4 „ 
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 gthers.that-can be given with the ſame Heger 


af) W W 
* This 18 the e when W b 


oa. not a files the ee e ths Di- 
rection of the Force has to the Surface of the 
Body to be moved, but to the Diredtion in 
| which ; it is to be moved by that Force. Here 
the. Force of Action will be leſs, by how 
much the more. theſe two Directions vary 
from each. other ri My Wen e in both 


Caſes 


IM The Force of A Percuſſion i is to that of direct, 25 the 
sine of the Angle of Incidence to the Radigs. 

Dem. Let there he à Plane as AD (Fig. 25.) againſt which let 
a Body i po in the Point Din the Direction BD : Which Line 
may be ſuppoſed to expreſs the Force of direct Impulſe, and may 
"= Velelvefk into two others (Chap. IV. F. 2.) BG and BA; the 
on ate, Ae to the Plane; but that Force 
whi is exerted in a DireQion parallel to the Plane can no Way 
affect it; the Stroke therefore ariſes wholly from the other Force 
expreſſed by the Line BA; but this is to the Line BD, as the 
Sine of the Angle of Incidence 4DB to the Radius, from 
whence the Propoſition is clear. 

If the Surface of the Body to be gruck i is e "Va let AD 
be made a Tangent to D the Point of Incidence, and the De- 
monſtration wil = the ſam. 8 


+ The Forte of ORE ARtion i is to tha of que, 28 ub Co- 
| Sine of the Ang} comp rehended between the Direction of the 


Force, and that W ercin a Body is to be moved thereby, to LY 
Rad aus. * 


Diem. Let FD (Fig. 26.) repreſent a * ane upon a 
Body as D, and impelling it towards, E; but let DM be the 
guh, yk in which it is poſſble for the Body to mos 4 the 

| | orce 
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& Caſes will be underſtood from the Inſtance of 
a Ship under Sail. The Force, by which the 
Wind acts upon the Sail, will be leſs, by how _ | 
much the more the Direction of the Wind va- 
ries from one that is perpendicular to the Sur- 
face to the Sail: But the Force of the Sail to 
move the Ship forward, will be leſs, by how 
much the more the Direction of the Ships 
"Courſe varies from that, in which ſhe is im- 
pell'd by the Sail. 288 


| XIV. To this we may add the following 


Propoſition, relating to oblique Forces, vis. 
that, if a Body is drawn or impelled three 
different Ways at the ſame Time by as man 

W Forces acting in different DireCtions ; and if 
the Quantity of thoſe Forces is ſuch, that the 
Body is kept in its Place by them: Then will 
the Forces be to each other, as the ſeye= | 
ral Sides of a. Triangle, drawn reſpectivel = 
parallel to the Directions in which they act &. 


Force FD may be reſolved (Chap. IV. F. 2.) into two others FG 
and FH, or which is equal to GD ; but tis evident that only the 
Force GD impels it towards M. Now, FD being the Radius, 
GD is the Co-Sine of the Angle FDG comprehended between 
the two Directions FE and GM; from whence' the Propoſition 
is Clear. | | | | - 
Dem. Let the Lines 4B, AD, AE, (Fig. 27.) repreſent 
the three Forces aGing upon the Body A in thoſe Directions, 
and by that Means keeping it at Reſt in the oint . Then 
the Forces EA and DA will be equivalent to BA, otherwiſe 
the Body would be put into Motion by them (cntra Hypoth.) 
But theſe Forces are alſo equivalent to 4C (Chap. IV. F. 2.) 
conſequently 4C may be made uſe of to expreis the Force An; 
and EC, which is parallel and equal to 40, may expreſs the 
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0 the Mechanical Powers. 


I. LITAVINCG, in the foregoing Chapter, 
* accounted for the Communication of 
Motion by Impulſe; we proceed next to con- 
fider Motion as communicated by Means of 
certain Inſtruments, commonly known by the 
Names of Mechanical Powers. The Uſe of 
theſe Powers conſiſts chiefly in managing great 
Weights, or performing other Works with a 
. determinate Force, 85 
II. Trey are uſually reckoned five, vig. 
the Lever, the Wheel and Axis, the Pulley, 
the Screw, and the Wedge; to which ſome 
add the inclined Plane. To theſe all Machines 
how complicated ſoever are refucible. _ 
III. THress Inſtruments have been of very 
ancient Uſe ; for we find that Archimedes was 
well acquainted with the Extent of their PowW- 
er; as may be inferred from that celebrated 
Saying of his, Ac as gd, xa: Ty N E10 
By which he meant, that the greateſt imagi- 
nable Weight might be moved with the ſmall- 
eſt Power. | 1116 


Force 4D, while AE expreſſes its own: But ACE is a Tri- 
angle whoſe Sides are all parallel to the given Directions; 
therefore the Sides of this Triangle will expreſs the Relation of 
the Forces by which the Body is kept at Reſt. 2 E. D. 
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IV. Tnar Body, which communicates Mo- 
tion to another, is called the Power; that 
which receives it, the Weight. 

V. Tur Point in a Boch, which remains 
at Reſt, while the Body is turning round, is 
called the Center of Motion. Beſides this, there 
are two other Centers in Bodies, 1. That of 
Magnitude, which is a Point, as near as poſſi- 
ble, equally diſtant from all the external Parts 
of the Body; 2. That of Gravity, or that, 
about which all the Parts of the Body, in 
whatever Situation it is placed, 12555 balapee 
each other. 

VI. WHEN a Body communicates Motion 
to another, it loſes juſt ſo much of its own, as 
it communicates to that other; the Action of 
one being equal to the Reaction of the other. 
See Chapter the laſt, F. 4 and p. 

VII. Wren two Bodies have ſuch Rela- 
tion to each other (ſuppoſe them fixed to dif- 
| ferent Parts of the ſame Machine) that if one 
be put into Motion, the other will thereby 
neceſſarily have ſuch a Degree of Velocity 
given it, that their Moments will be equal; it 
will then be impoſſible, that one ſhould begin 
to move without communicating to the other 
a Quantity of Motion equal to its own; 'tis 
evident therefore from the laſt Propoſition, that 
if we ſuppoſe it to begin to move, in that 
very Inſtant it muſt loſe all its own Motion 
* communicating the whole to the other 


Body, 
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Body, and therefore, being left to itſelf, will 
remain at reſt, and communicate none at all. 
Now the Moments of two Bodies are equal 
(Chap. IX. $. 2.) when the Velocity of the 
firſt is to that of the ſecond, as the Quantity 
of Matter of the ſecond to that of the firſt ; 
or if we ſuppoſe their Quantities of Matter 
as one to three, then by the Suppoſition their 
Velocities are as three to one; and if we.myl- 
tiply the u ele of Matter i in the farſt, 472, 
one, by its Ve ocity three, and that of the 
other, vix. three, by its Velocity one; their Pro- 
ducts are equal: Their Moments are therefore 
by the Definition (Chap. XI. F. 1, and 2.) equal. 
They will alſo be equal, when the Spaces the 
Bodies paſs over are in that Proportion; for the 
Times they both move in being the ſame, the 
Spaces will always be as the Velocities. 
VIII. FROM hence it follows, that in any 
Machine, whether ſimple or compound, the 
Power however ſmall may have a Moment 
equal to that of the Weight; provided the 
Machine be ſuch, that when it is in Motion, 
the Velocity of the Power ſhall bear ſuch Pro- 
portion to that of the Weight, as the Weight 
does to the Power; for then, what the Power 
wants in Quantity of Matter or Weight, will 
be made up in Velocity; conſequently their 
Moments will be equal by F. the laſt, and 
therefore by F. 7. they wil exactly balance 
each other ; ; or be in Agullibrio. 


IX. Bur 
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IX. Bur if the Power bears a n Pro- 
portion to the Weight, than tlie Velocity of 
the Weight to that of the Power; it will 
then have a greater Momentum than the other; 
fo that though the other receives all its own. 
Moment from it when the Machine moves, 
yet there will ſome remain, which, if it be ſuf- 
ficient to ovetcome the Friction of the Machine, 
will Keep it moving. 5 
Wx proceed now to treat of each Mecha- 
nical Power in its Order, and | 


F Ä A aL 
X. Tux Lever is a right Line (or Bar whoſe 
Weight in Theory is not conſider'd) moveable 
on a Center, which is called its Fulcrum, or 


fixed Point. | 
Xl. Tux Aquilibrium in this Machine is, 
when the Diſtance of the Power from the fixed 
Point is to that of the Weight from the ſame, 
as the Quantity of Matter in the Weight is to 
that in the Power. | 
Fon, ſuppoſing the Lever placed on its Ful- 
crum with the Weight to be raiſed at one 
End, and the Power applied to the other ; 
tis evident, the farther the Power is placed 
from the Fulcrum or Center of Motion, the 
larger will be its Sweep when the Machine is 
put in Motion; that is, it will move over pro- 
portionably more Space in the ſame Time than 
the Weight to be raiſed: Now, if it is placed juſt 
„ ſo 


or be in Æquilibrio *. 
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| 0 many Times farther from the Fulcrum, as it 
is leſs than the Weight, it will move juſt ſo 


many Times faſter; their Moments therefore 
will be equal (F. 7.) and conſequently the Pow- 
er and Weight will exactly balance each other, 
LT if the Power is 
ſufficiently augmented t6 overcome the Friction 
of the Machine, it will put it in Motion. 
Tur Lever is of three Kinds. 1. When the 
fixed Point 1s between the Weight and the 


Power, as in the laſt Caſe. 2. When the 


Weight is between the fixed Point and the 
Power. 3. When the Power is between the 
fixed Point and the Weight. 

Ix all which Caſes the Fquilibrivm will 
be, when their Diſtances from the fixed Point 
are ſuch, that their Velocities ſhall be inverſe- 
ly as their Quantities of Matter ; for then (by 
9.7.) being at Reſt, neither of them will com- 


municate any Motion to the other. 


THE common Scates may be confidered as 


os 88 thus. Let 4B (Fig. 28.) repreſent the Le- 


ver, F the Fulcrum, the Weight, P the Power, the one ſuſ- 


Pended at the Extremity of the Lever 4, the other at B, and 
jet BF be to FA as IP to P; then while the Lever moves from 


the Situation 4B into that of CD, the Point B which ſuſtaths 


the Power will move as many Times farther than A which ſuſtains 
the Weight (and conſequently as many Times faſter, fince they 
perform their Motions in the ſame Time) as the Arch BD is long- 
er than 40; that is, the Triangles BFD and AFC being ſimilar, 
as the Arm BF is longer than Ar, which (ex Hypoth.) 1s as ma- 
ny Times as the Wei x exceeds the Power, they will therefore 
(L. 7-) be in Kgalibrio Dr E. 2. 


. " a Lever 


FA Chap. X The WW, heel and Axis „ 63 
a Lever of the firſt Kind, where the Weight 
and Power are applied at equal Diſtances from 
the fixed Point. 5 5 
Tux Steelyard is alſo a Lever of the firſt 
= Kind, but whoſe Arms are unequal. 

Tux Difference between the Uſe of the 
Scales and the Steelyard conſiſts in this; that 
as in one you make uſe of a larger Power (or 
more Weights) to eſtimate the Weight of an 
8 heavier Body; in the other you uſe the ſame 
Power, but give it a greater Velocity with re- 
& ſpect to that of the Weight by applying it 
farther from the fixed Point, which by F. 7. 
will have the ſame Effect. 


II. The WRREI and Axis. 


XII. Tals Machine is a Wheel, that turns 
round together with its Axis; the Power in 
this is applied to the Circumference of the 
Wheel, and the Weight drawn up by Means 
of a Rope wound about the Axis. 
XIII. IN this there will be an Zquilibrium; 
when the Weight is to the Power, as the Dia- 
meter of the Wheel to the Diameter of tlie 
Axis. EE 
'Tis evident, the Velocity of the Power will 
exceedtheVelocityof theWeight, as many Times 
as the Circumference of the Wheel exceeds that 
of its Axis; becauſe the Spaces they paſs over 
in one Revolution will be as thoſe Circum- 
ferences; that is, as many Times as the Dia- 
N 1 8 meter 
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meter of one exceeds that of the other (the 
Circumferences of Circles being as their Dia- 
meters;) what therefore in this Cafe the Pow- 
er wants in Weight will be made up in Velo- 
city, from whence (F. 7.) there will be an 
Aquilibrium k. . 5 
Tur Uſe of this Machine is to raiſe 
Weights to greater Heights than the Lever 
can do, becauſe the Wheel is capable of be- 
ing turned ſeveral Times round, which the 
Lever is not; and alſo to communicate Mo- 
tion from one Part of a Machine to another; 
accordingly there are few compound Machines 
without it. 1 
8 III. The PulLE V. 
XIV. A Pulley is an Inſtrument compoſed 
of one or more Wheels moveable on their 
1 8 3 
XV. A ſimple Pulley, if its Axis is fixed, 
is of no other Uſe, than to alter the Direc- 
tion of the Power; for the Power and 
Weight will both move through an equal 


Seometrically thus. Let 4B (Fig. 29.) be the Diame- 
ter of the Wheel, DE that of the Axis, the Weight, and 
P the Power; when the Wheel begins to move, the Point 
B and D will deſcribe ſimilar Arches about the Center C, in 
the ſame Manner the Point A and B in the Lever were ſhewn 
to do about the fixed Point F (Fig. 28.) that is, the Point B 
will move as many Times faſter than D, as CB is longer than 
CD, or 4B than DE, the Motion therefore of P (F. 7.) will 
be equal to that of V. From whence the Propoſition is clear. 

| Space 


N 
* 
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Space in the ſame Time. But in a Pulley 
not fixed, as in Fig. 30. where the Rope 
runs under it, or in a Combination of Pullies 
as in Fig. 31. the Equilibrium will be, when 
the Power is to the Weight, as one to the 
Number of Ropes, that paſs between the up- 
per and lower Pullies. : 

For, ſuppoſe one End of the Rope fixed 
in B (Fig. 30.) and the other ſupported by the 
Power P, it is evident, that in order to raiſe. 
the Weight W one Foot, the Power muſt riſe 
two, for both Ropes, vis. BC and CP, will 
be ſhortened a Foot a-piece, when the Space 
run over by the Power will be double to that 
of the Weight ; if therefore the Power is to 
the Weight as one to two, their Moments will 
be equal : For the ſame Reaſon, if there be four 
Ropes paſſing from the upper to the lower 
Pullies as in Fig. 31. the Velocity of the Power 
| will be quadruple to that of the Weight, or as 
four to one, &c. In all Caſes therefore when 
the Power is to the Weight, as one to the 
Number of Ropes paſſing from the upper to 
the lower Pullies (F. 7.) there will be an 
Equilibrium. LIE 

XVI. Ir the Pullies be diſpoſed as in Figure 
the 32d, each having its own particular Rope, 
the Action of the Power will be very much 
Increaſed; for here every Pulley doubles it, 
wherefore the Power is four Times greatef 
with two Pullies, eight Times with three, 

= ſixteen 


66 The Screw. Part I. 
fixteen Times with four, Sc. For, it is evi- 
dent from the Confideration of the Figure, the 


firſt will move half as faſt as the Power, 
the ſecond half as faſt as that, and ſo on; 


wherefore (F. 7.) the Power is doubled by 


each Pulley. 

Tu Uſe of the Pulley is nearly the ſame 
with that of the Wheel and Axis, but it is 
more * and eaſier to be fixed up. 


. The n 


XVII. IN this Machine the Ægquilibrium 
will be, when the Power is to the Weight, 
as the Diſtance between any two contiguous 
Threads or Spirals in the Screw, to the Way 
deſcribed by the Power in one whole Revolu- 
tion. It is manifeſt from the Form of the 


Machine (Fig. 33.) that in one Revolution of 


the Screw, the Weight will be moved through 
a Space equal to the Diſtance of two conti- 
guous Threads, and that the Power will run 
through a Space equal to the Compals it takes 
in one Revolution, therefore (§. 7.) if the 
Weight 1s to the Power in that Proportion, 
there will be an Equilibrium. 


Tunis Machine is of great Force, and- very 


_ uſeful in retaining Bodies in a compreſſed 
State, becauſe it will not run back, as the 


three foregoing will, when the Power is re- 
moved. This ariſes from the great Friction 
of 
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of thoſe Parts in the Screw, which during its 
Motion ſlide upon thoſe that are at Reſt. | 


V. The WER DGE. 


XVII. T1r1s Inſtrument is formed by two 
equal Rectangles, joined at their lower Baſes, 


and ſeparated at their upper ones, by a third; 


which is called the Back of the Weage ; the 
other two, its Sides. 

XIX. IN the foregoing Machanical Powers 
we have all along conſidered the Weight, as 
moved in the fame Direction with \ "4g in 
which it is acted upon by the Machine, as is 
commonly the Caſe; but in this, the Weight 
is generally applied in ſuch a Manner, as to be 
made to move in a Direction different from 
that, in which it is protruded by the Wedge; 
hence it is, that Mathematicians have wide- 
ly differed in their Determination of the 


Power of this Machine, ſome confidering 45 


Weight as moved by it in one Direction, an 


ſome in another. Nay, there are ſome, even 


among the late Writers, that have been led 
into manifeſt Errors by it. We will there- 
fore lay down the ſeveral Proportions they 
have given us, for the determining the Power 
of this Machine, and examine them one by 


one. I. It is demonſtrated by ſome, that the 


Power will be equivalent to the Reſiſtance of 
the Weight, when it bears ſuch Proportion 


? 0 1, as the Breadth of the Back of the Wedge 


E 2 Eo does 
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does to the Sum of its Sides; or, which is 
the ſame Thing, as half that Breadth to one of 
its Sides. 2. Others make it ſomewhat larger, 
and demonſtrate, that it ought to be, as half 
the Breadth of the Back to the perpendicular 
Height of the Wedge. 3. Some are of Opi- 
nion, that there will not be an Equilibrium 
in this Machine, unleſs the Power 1s to the 
Weight, as the whole Breadth of the Back to 
the perpendicular Height; vis. WALL1s, 
KIL, GRAVESANDE, Cc. 

Tos, who lay down the firſt Proportion 
for determining the Power of this Machine, 
ſuppoſe the Parts, which are ſeparated from 
each other thereby, to recede from their firſt 
Situation in Directions perpendicular to the 
Sides of the Wedge. Thus let BAC (Fig. 34.) 

repreſent a Wedge; P, P, two Bodies to be 
ſeparated by it, the one to be moved towards 
I, the other towards F, in the Directions CI, 
and CF, perpendicular to AC and CB; then 
tis evident, that when the Wedge is driven 
into the Situation MN O, the two Bodies 
will be moved to Qand Q; that is, one will 
have paſſed through the Space CK, the other 
through CL, but theſe Spaces being equal, 
their Velocities are the ſame as if they had 
both paſſed over one of them, v. g. CL, or, 
Which is equal to it, DG (drawn perpendicu- 
lar to CB); therefore the Power, which we 
5 ſoppoſe applied to D, moves Oy DC, 3 
| [ _ 
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the Obſtacle moves through DG, conſequent- 


ly (§. 7.) when the Power is to the Weight 
as DG to DC, that is, as DB to CB*, or 
half the Back of the Wedge to one of its 
Sides, they will be in Æquilibrio. This Pro- 
portion therefore, when the Parts of the 
Weight are ſuppoſed to be moved by the 
Wedge in the Directions CI and CF, is 
true. 
2. Tux ſecond Proportion is alſo true, ſup- 
poſing the Bodies P, P, to recede from each 
other in the Directions CN and CM, parallel to 
AB the Back of the Wedge; for, when the 
Wedge is driven in between them, to the Si- 
tuation MNO, the Bodies will have moved 
through a Space as CN, or, which is equal 
to it, DB, half the Back of the Wedge, and 
the Power through a Space equal to its Height 
as before; conſequently (F. 7.) in this Caſe, 
the Aquilibrium will be, when the Power is 
to the Weight, as half the Back of the Wedge 
to its * +. 
E 3 3. TuosE 


* For (8 Elem. 6.) the Triangles DCG and DCB are ſimilar, 
and conſequently DG: DC:: DB: CB. 
I The ſame may be otherwiſe demonſtrated from Section 14. 
Chapter IX. thus. Let there be a Body as L (Fig. 35.) drawn 
againſt the Wedge ABC by the Weight V, in the Direction LF, 
parallel to the Back of the Wedge AB; but prevented from 
ſliding down towards C, by a Plane (whoſe upper Surface we 
may ſuppoſe repreſented by EF) lying under it. I ſay, the 
Power will be to the Weight, when they are in Aquilibzio, as 
DA to DC. = 
em. 
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Tx OSE, who imagine there will not be 
an Equilibrium, unleſs the Power be to the 


Weight, as the whole Breadth of the Back 


of the Wedge to its Height, ſuppoſe, as in 
the laſt Caſe, that the Bodies to be ſeparated 


recede from each other in Directions parallel 


to the Back of the Wedge; and endeavour 
to ſupport their Opinion by the following Ar- 
gument ; vis. that, when the Wedge is driven 
into the Situation MNO (Fig. 34.) as before, 
each Part of the Weight having moved through 
a Space equal to half the Back of the Wedge, 


the whole Weight has therefore moved through 


Dem. The Body E is here ated upon in three Directions, 
wiz. by the Force of the Weight in the Direction LF, by 


the two Planes CA and EF, in the Directions LG and LJ, 


perpendicular to their Surfaces; let GE be drawn parallel to 
LI. then will the Triangle LGE have all its Sides reſpec- 
tively parallel to thoſe Directions; conſequently (Chap. IX F. 14.) 


if we ſuppoſe LE to expreſs the Force of the Weight, GE will 


expreſs that of the ſuppoſed Plane, or which is the Equal to it, 
becauſe they act in contrary Directions to that of the Power: But 
GE is to EL, as DA to DC (icr the Triangles EGL and DA4C 
are ſimilar, the Sides of one being ex Conſtruct. reſpectively 
erpendicular to thoſe in the other; v. g. LG to C4, EL to 
Dc and GE to DA); conſequently the Power is to the 
Weight, when they balance each other, as half the Breadth 
of the Back of the Wedge to its Height. 2. E. D). 
Coroll. Suppoſe the Body L had been drawn againſt the 


| Wedge 1 in the Direction GL perpendicular to its Surface, and 


were to be moved by it in the contrary Direction towards 
G, as in the firſt Caſe; then if GL expreſſes the Force with 
which it is drawn towards the Wedge, GE wal be that with 
which it reſiſts the Power; but GE is to GL as DA'to AC, 
the Triangles EGL and DAC being fimilar ; conſequently in 


this Caſe, the Power will be to the Weight, as half the Breadth 


of the Back of the Wedge to one of its Sides; as was before 
demonſtrated. 
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twice ſo much, or a Space equal to the whole 
Back: As much as to ſay, the whole has 


moved farther than its Parts; which is abſurd, 


XX. To determine the Power of this Ma- 
chine in general, let ABC, in Fig. 34. repre- 


ſent an Iſoſceles Wedge, whole Sides are AC 


and BC, and its Back AB; draw the Line CD 


perpendicular to AB; and let R, R, repreſent 
two equal Bodies to be ſeparated by the Wedge, 


and ſuppoſe them confined by Plane put un- 
der them, or otherwiſe, to move in the Direc- 
tions mT and5Z, only, that are equally inclined 


to the Sides AC and BC reſpectively: And let 


the Wedge be driven in the Direction DC. Let 


# be the Point where the Body R touches the 
Wedge, and through 7» any Point in the Line 
mT draw the Line vn parallel to DC, and pa- 
rallel to mT draw DX meeting CB (produced if 


neceſſary) in X; then the Triangles ur and 
CDX il be ſimilar. the Sides of the one 


being g reſpectively parallel to thoſe of the other. 


And; becauſe the Bodies to be ſeparated are 


equal, and the Wedge Iſoſceles, the Lines T 
and SZ equally inclined to the Sides CB and 
CA, and the Wedge driven in the Direction 
DC, the Bodies will be both moved with equal 
Degrees of Velocity; and while the Wedge 
moves downwards a Space equal to 77, each of 
the Bodies will be driven in the Directions T 


and Z over a Space equal to mn : If rn there- 
fore be taken to meaſure the Velocity of the 
E 4 Wedge, 
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Wedge, un will meaſure that of both the Bo- 
dies; for as to their moving different Ways, that 
makes no Difference, becauſe they are as free 
to move one Way as another. Since then the 
Triangles mnr and DC are ſimilar, and there- 
fore the Proportion of rn to mn the ſame as 
that of DC to DX, the Velocity of the Wedge 
will be to the Velocity with which the Bodies 
R, R, are driven by it, as DC to DX; and 
conſequently, whatever Forces, acting in the Di- 
rections Tm Zs, oppoſe the Motion of the 
Wedge, a Force of the ſame Kind, acting upon 
the Back of the Wedge at D in the Direction 
DC, and puſhing it forwards, will be in /Equi- 
librio therewith, when it bears ſuch Propor- 
tion to them, as DX does to DC: And there- 
fore, 1f DC be taken to meaſure the Reſiſtance 
of the Bodies to be moved by the Wedge, 
DX will always be the Meaſure of the Power 
requiſite to make an Aquilibrium therewith. 
FROM this general Theorem the particular 
Caſes that fall under it are readily deduced. 
Thus, it the Bodies R, R, are confined to move 
upwards in Directions parallel to the Sides of 


the Wedge, mT will lie parallel to CB; and 


therefore DX the Meaſure of the Power ne- 
ceſſary to make an Mquilibrium, being to be 
drawn parallel to T, muſt be drawn parallel 
alſo to CB; it will therefore meet CB produced 
at no leſs. than an infinite Diſtance, and will 
conſequently itſelf be infinite: That is to ſay, 

ow. MS er Es + 


no finite Power will be able to drive the 
Wedge any farther between the Bodies thus 


confined. If the Bodies are confined to an hori- 
zontal Motion, T becomes parallel to AB the 
Back of the Wedge, and DX (parallel to mT) 
falls upon DB, and DB half the Back of the 
Wedge is the Meaſure of the Power requiſite 

to conſtitute the Æquilibrium. If the Bodies 


are confined to move off at right Angles to the 
Sides of the Wedge, DX falls upon DG, and 


DG meaſures the Power ; conſequently, DG 


being ſhorter than any other Line that can be 


drawn from D to the Line CB, the Power in 
this Caſe neceſſary to make an Equilibrium 

with the Reſiſtance of the Bodies, is what the 
Mathematicians call a Minimum; that is, it is 
leſs in this than in any other Suppoſition what- 
ever. And if the Bodies are to be moved per- 
pendicularly downwards, X falls upon C, and 
DC becomes the Meaſure of the Power : But 
DC is all along ſuppoſed to meaſure the Reſiſt- 
ance of the Bodies to be moved by the Wedge 
the Power therefore and the Reſiſtance are now 
equal to each other ; which implies that the 


Bodies in theſe Circumſtances are capable of 


being moved either with or without the 


Wedge with equal Eaſe. If the Bodies are 
confined to move downwards in Directions pa- 


rallel to the Sides of the Wedge, DX becomes 


parallel to BC, the Point X falls upon it infi- 


nitely below C, and therefore DX, and conſe- 
quently 
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74 The Wedge. Part l. 
quently the Power to be meaſured by it, be- 
comes infinite again; that is, the Bodies cannot 

de driven by the Wedge in thoſe Directions 

by any Power whatever. When the Bodies 

R, R, are not confined, but are at Liberty to 
move in any Direction whatever, they will 
naturally take that in which they may be driven 
by the Wedge with the greatelf Eaſe; that is, 
they will take that which is perpendicular to its 
Sides; and therefore the Perpendicular DG, 
which was the Meaſure of the Power necefſa- 
ry to make the Equilibrium, when'the Bodies 
were confined to move in that Direction, and 


Was the Minimum, will be the Meaſure of it 


_ alſo in this Suppoſition. 
XXI. Tux conſidering the Bodies to be ſe⸗ 
parated by the Wedge as confined to move from 
each other in particular Directions, leads us to 
an eaſy Solution of a Caſe relating to one of the 
Uſes of this mechanical Power, I mean the Di- 
viding of Bodies therewith. To determine the 
Power of it in this, let us conceive the two 
Pieces LQ and LQ as turning upon a Joint at 
L., which Joint is to be opened by the Wedge 
'ACPB, driven in between the Pieces, and preſ- 
ſing againſt them only at their Extremities G 
and H, as repreſented in Fig. 36. And let us 
ſuppoſe that there is a certain Degree of Stiffneſs 
in the Joint, by which Stiffneſs may aptly be 
_ denoted the Tenacity or Coheſion of the Parts 
of the Body to be divided, Let the Lines GF 


and 
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and HI be drawn perpendicular to the Lines 
LG and LH, which will therefore be the Di- 
Jrections, which thoſe Extremities will be con- 
fined to, when they begin to move: Parallel to 
7 one of theſe, as GF, draw DX; then ſince, 
as we have juſt been ſhewing, if two Bodies, 
* confined to move in the Directions GF and HI 
7 only, were to be ſeparated by the Wedge, the 
Power neceſſary to make an Aquilibrium with 
the Reſiſtance of thoſe Bodies would be to that 
| Reſiſtance as DX to DC; or that, if DC be 
taken to meaſure the Reſiſtance they make, 
DX ſhall meaſure the Power that ſhall cauſe an 
# Aquilibrium between them, it follows, that, in 
this Caſe, if we meaſure the Force, which, if 
applied at G and H in the Directions GF and 
HI, would overcome the Tenacity at L, and 
rend the Pieces aſunder without a Wedge, 
DX will be the Meaſure of the Force, which 
would, with equal Eaſe, perform the ſame 
Thing by the Help of the Wedge. And when 
the Point comes infinitely near to L, and DX, 
parallel to GF, becomes therefore perpendicular 
to CB, and conſequently the Triangles DCX 
and DCB become ſimilar (8 Elem. 6.) the 
Power neceſſary to rend the Pieces with the 
Wedge will be to that which would do the 
ſame without it, as DX to DC; that is, be- 
cauſe of the Similarity of the ſaid Triangles, 
as DB to BC, or as half the Back of the TO? 
to one of its Sides. 


Bur, 


” 2» wow, 
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Bur, if we have no Regard to the Stiffneſs 
of the Joint L, and conſider only the Quantity 
of Matter in the Power that drives the Wedge, 
and in the Bodies LQ and LQ to be turned upon 


that Joint, neceſſary to make an Æquilibrium 


between them, as is the uſual Method in The. 


ory, and obſerved in all the other mechanical 


Powers, and the Thickneſs of the Pieces be the 
fame from End to End, and their Subſtance 
uniform, ſo that their Centers of Gravity may 
be in the Mid-way between Land G, or L and 
H, or any where in the Arches bc and d, 
whoſe Centers are at L, and which cut the Lines 
LG and LH in the Middle, the Aquilibrium 
will be, when the Quantity of Matter in the 
Power is to the Quantity in the Bodies LQ and 
LQ, as half DX to DC, and when the Point 
of the Wedge comes infinitely near to L, and 
DX becomes perpendicular to BC, and the 
Triangles DCX and DCB ſimilar (as above) as 
half DB to BC, or as a Quarter of the Back of 
the Wedge to one of its Sides: Becauſe, as is 


evident, in this Suppoſition the Centers of Gra- 
vity of the Pieces will have but half the Velo- 


city they would have had, had all Parts of them 


been to be moved as faſt as the Extremities G 


and H; half the Power will therefore be ſuffi- 


_ cient to move them that would have been re- 


quired in that Caſe ; but in that the Quantity of 
Matter in the Power muſt have been to the 


Quantity in the reſiſting Bodies, as DX to DC, 


and, 
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and, when C comes infinitely near to L, as DB 
to BC; it is therefore, in the preſent Suppoſi- 
tion, in the former of theſe Caſes, as half DX 
to DC, and in the latter, as half DB to BC, or 
as a fourth Part of the Back of the Wedge to 
one of its Sides. „ | 
Ox this Propoſition may be conſidered in ano- 
| ther Light, thus: The Centers of Gravity of 
the two Pieces LQ and LQ being in the Arches 
bc and de, that cut LG and LH in the 
Middle, they are carried upon the Levers LG 
and LH in the Mid-way between their common 
Fulcrum L and their Extremities G and H; the 
Wedge therefore has not only a mechanical 
Advantage over them, in Conſequence of its 
own Form, in the Proportion of DX to DC, 
but in Conſequence alſo of their being carried 
upon the ſaid Levers, in the Proportion of two 
to one; the Wedge therefore has twice the 
Power over them it would otherwiſe have ; and 
conſequently half the Quantity of Matter in the 
Power that drives the Wedge is ſufficient to 
conſtitute an Aquilibrium that 1s requiſite where 
no ſuch Levers are concerned. 

XXII. Tux Form of the Inclined Plane being 
no other than that of half a Wedge, as is ma- 
nifeſt from the Repreſentation of it (Hg. 37.) 
it follows, that what has been demonſtrated 
of the one, may be applied to the other, and 
the Properties of both will be found the ſame. 
For Inſtance, if the Weight W is to be drawn 


** 
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up the Plane CB, by the Power P, in a Di. 
rection parallel to the Plane, inſtead. of that, 
we may ſuppoſe the Weight prevented from 
running off the Plane by the String WH, and 
the inclined Plane-driven under it like a Wedge 
in the Direction DC: Then will the Weight 
riſe towards G in a Direction perpendicular 
to CB, for we muſt always ſuppoſe the String 
WP parallel to the Plane (as it would have 
been, if the Weight had been drawn up by 
it;) then will the Action of the Plane upon 
the Weight be fimilar to that of the Wedge 
in the firſt Caſe, and conſequently the Power 
will bear ſuch Proportion to the Weight, as 
DB to BC; that is, as the Height of the Plane 
to its Length. Again, np: the Weight 
| was to have been drawn up the Plane by a 
String in the Direction WF parallel to CD 
the Baſe of the inclined Plane; then if the 
Plane be driven under the Weight as before, 
it muſt riſe in a Direction perpendicular to 
CD, that is, parallel to DB: Then the Caſe will 
be analogous to the ſecond of the Wedge; 
conſequently, the Power will be to the Re- 
fiſtance of the Weight, when there is an 
Aquilibrium, in the Proportion of DB to DC, 
as there demonſtrated. | 

XXIII. Tupsr are the Powers or Machines, 
which, under different Forms, conſtitute all 
others how complicated ſoever; and as the 


Rm Gy one of an is, when the 
Power 
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Power and Weight are inverſely as their Ve- 
locities; ſo in a Machine however compound- 
ed, the Power and the Weight will exactly 
balance each other, when they are in this 
Proportion; for by F. 7. their Moments will 
then be equal, and the Machine, if at Reſt, 
will continue in that State; and, if put into 
Motion by an external Force will gradually 
loſe it, when that Force ceaſes to act; on Ac- 
count of the unavoidable Friction of the Ma- 
chine, and the Reſiſtance of the Air, which 
it muſt neceſſarily meet with, unleſs its Mo- 
tion could be performed in a perfect Vacuunr. 
From hence we ſee the Impoſſibility of con- 
triving an Engine, whoſe Motion ſhould be 
perpetual, that is, ſuch as does not owe its 
Continuance to the Application of ſome ex- 
ternal Force; a Problem that has ee Birth 
to an almoſt infinite Number of Schemes and 
Contrivances. For unleſs ſome Method could 

be found out of gaining a Force, by the art- 
ful Diſpoſition and Combination of the Me- 
chanical Powers, equivalent to that which is 
continually deſtroyed by Friction, and the Re- 
ſiſtance of the Air, the Motion, which was at 
firſt given to the Machine, muſt at length be 
neceſſarily loſt. But we ſee, that thoſe In- 
ſtruments are only different Means, whereby 
one Body communicates its Motion to another, 
and not deſigned to produce a Force which 
had no Exiſtence before. Tis for Want of a 
| 7 Fs due 
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due .Confideration: of this, that ſo many Me- 
chanical Defigns have proved abortive, ſo many 
Engines unequal to the Performance for which 


they were deſigned, and fo _ ni omg 
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« Tp it were pollible, ſays Biſhop Wir xs, 


to contrive ſuch an Invention, whereby 


any conceivable Weight may be moved by 


any conceivable Power, both with equal 


Velocity (as it is in thoſe Things which are 
immediately ſtirred by the Hand, without 
the Help of any other Inſtrument) the 
Works of Nature would be then too much 
ſubjected to the Power of Art; and Men 


might be thereby encouraged (with the 
« Builders of Babel, or the Rebel Giants) to 


ſuch bold Deſigns as would not become 
a created Being. And therefore the Wiſdom 
of Providence has ſo confined theſe Human 
Arts, that what an Invention hath, in the 
Strength of its Motion, is abated in the Slow- 
neſs of it ; and what it has, in the extraordi- 
nary. Quickneſs of its Motion, muſt be al- 
lowed for in the great Strength requiſite in 
the Power which is to move it &. 


* Wilkinss Mathem. . p. 104. 
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07 the Vibration of a Pendulum 52 
| a Cycloid. 
PROPOSITION J. 


F a Pendulum be made to vibrate in a 


performed in equal Times (a). 


« 


(a) In order to demonſtrate this Propoſition, it will be proper 
to lay down the following Lemma's. - 


'LEMMA I. 
Wo Body deſcends from A along the Line AX, { Appendix Plate, 


Fig. 1.) by wirtue of a Force which decreaſes in Proportion as the | 


Diflance of the Body from X. decreaſes ; that is, if when the Body 
comes to M, N, O, &c. the Action of that Force upon the Body, be 
as the Diſtances XM, XN, XO, &c. reſpecticely: And if the laſt 
acquired Velocity of the Body; that is, its Velocity when it comes to 
X, be expreſſed, or ſet off, by the Perpendicular XB, equal in Length 
to the Line AX, and its, Velocities at M, N, O, Sc. be /et off 
there by the Lines MD, NP, OQ, &c. in Length proportionable 
10 each other and to the Line XB, as the Velocities of the falling 
Body at M, N, O, &c. are to each other and to its laſt Velocity at 


X: And if through the Extremities of theſe Lines, the Curve ADB 


te draaun; J ſay, that Curve will be a Portion of a Circle : And 


the Time in which the Body will deſcend thraugh the whele Yor | 
; F 


Wie. 


1 Cycloid, all its Vibrations, however une- 
qual, will be Jecronous ; that is, they will be 


16. 


2 ApPENDIX to Part [. 


Line AX [or any Part of it, as MO] will be ſuch T, ime, @s woll 
be requiſite for it to deſcribe the whole Arch AB [or any Part | 
D, correſponding to MO] in, with its laſt acquired Veljy 


at X. | | - 
Diemonſtration of the Lemma. Parallel and contiguous to the t 
Line MD, draw NP, in which Caſe the Line MN becomes AD 
Point, and the Arch DP a Tangent to the Curve: Produce P 0 
till it meets XA produced, in I; draw the Line XD ; and le: Co 


fall the Perpendicular DL. Then the Lines DL and TM being 
parallel, the Angles PDL and DTM are equal, as being alter. 
nate (by 27 Elem. 1.); and the Angles at L and M as bein 
Tight ones; the Triangles therefore PDL and DTM are ſi mila, 
which for the Sake of referring to it afterwards, let us make the 
firſt Step of the following Proceſs 1 | The Triangles PDL and 


| | DTM are ſimilar 
From the firſt Step we have this| | 
Proportion (5 Elem. 6.) j2JPL:LD:: DM: MT; 
By the Figure 3JLD = MN 
But MD being the Velocity when 
the deſcending Body.comes to 
M, the Point MN is deſcribed 
with that Velocity ; for there 
is no Acceleration during the 
Paſſage of a Body over a Point; 
conſequently MN is proporti-| 8 
onable to MD; that is, 4]MN is as MD. 
Comparing the ſecond, third, and N 
fourth Steps 8 5 PL: MD: : DM: MͤT 
But MD and NP being the Velo. 
cities of the deſcending Body at 
M and N, LP the Difference of 
thoſe Lines, expreſſing the In- 
creaſe of Velocity in the Body, 
will be proportionable to the 
moving Force at the Point MN; 
that is, by the Suppoſition, to 
the Diſtance XM; therefore 6 PL is as XM | 
Comparing the fifth and fixth [7 |XM: MD :;: DM :MT 
Conſequently (5 Elem. 6.) 8 [The Triangles XMD and 
| DMT are fimilar. 


And therefore, fince their Angles at M are right ones, the 
Triangle TDX is (by the Converſe of Prop. 8. Elem. 6.) right 
angled at D. Conſequently ſince the ſame is true of any on 

| | | | Point 


2 
ih 


| ADB being a Portion of a Circle, 
Comparing the 3d, gth and 1oth 


Areenbix to Part I. . 


point of the Curve, as well as D, the Arch ADB is a Portion 


of a Circle (16 Elem. 3.) Which is the firſt Part. 


Secondly, comparing the firſt and 
eighth Steps, the Triangles | 
PDL and XMD are ſimilar ;|* | 
therefore 9LD: DM:: DP: DX 


* 


as already proved 10 DX = XB 


Steps i MN: DM:: DP : XB. 


Since then the Point MN bears the ſame Proportion to MD, 


or the Velocity it is deſcribed with by the falling Body, that 


the Point DP does to the laſt acquired Velocity XB, it follows 
| that the former, MN, 1s deſcribed in the ſame Time with the 
| Velocity the Body has when there, that the latter, DP, might 
be with the laſt acquired Velocity XB. And ſince the ſame is 
| true of every other Part of the Arch ADB, it is obvious that 
the Time in which the Body will deſcend through any other 
Part of the Space AX, [or the whole of it,] will be ſuch as 
would be required for it to deſcribe any correſponding Part of 


the Arch ADB, [or the whole of it,] with the laſt acquired 


| Velocity XB. Which was the other Part. 


Coroll. Hence it follows, that if a Body deſcends along the 


Line AX, by Virtue of Forces acting upon it at A, M, N, O, 


| &c. proportionably to the Length of the Lines XA, XM, XN, 
| XO, &c. and if on X as a Center, and with the Radius XA a 
Portion of a Circle, as ADB, be deſcribed ; and if the Radius 


or whole Sine XB, be put to repreſent the Velocity of the Body 
when it comes to X, the other Sines MD, NP, OQ, Cc. will 


| repreſent the reſpective Velocities of the Body at the ſeveral 
Points M, N, O, &c. And converſely, if one of the Sines, 
{ as MD, be put to expreſs its Velocity at M, the other Sineg 


NP, OQ, and the Radius or whole Sine XB, will expreſs the 
Velocity of the Body at thoſe other Points N, O and X. 


LEMM 14 Il. 
If a Body moves along the Line AX, ( Fig. 2.) and be urged 


| all the Way by Forces proportionable to its Diflance from the Point 


X; whatever Point of that Line it ſets out from, it will come to 
the Point X in the ſame Time. Which Time will bear ſuch Pro- 


| portion to the Time it would move over the whole Line AX in, with 


the V. elocity it all acquire by falling through the whole Line AX, 
& the Semicircumference of & Circle does to its Diameter. 
| F | 2 | D En. 


1 ArpENDIx to Part], 

Dem. Let two Bodies A and P ſet out from the Points A and 
P at the ſame Time; and let them be urged by Forces propor. 
tionable to their Diſtances from the Point X: I ſay, thoſe Bodie, if 
will come to X at the ſame Inſtant of Time; that is, they wil 
overtake one another at that Point. On X as a Center, and 
with the Radius's XA and XP deſcribe the two Quadrants AB 
and PQ; and draw the Line SX, and the Sines RS and MN; 
and let the whole Sine or Radius XB expreſs the Velocity the 
Body A will acquire by falling to X: Then by Corollary af 
Lemma 1. will the Sine RS, if taken as near as poſſible to A, 
_ expreſs the firſt Velocity of the Body A. But the Force, which 
urges the Body A is ſuppoſed to be to that which urges the Body 
P, as XA to XP (or becauſe the Archs AS and PN are ſimilai 
as RS to MN: As therefore RS expreſſes the firſt Velocity of A, 
MN will expreſs the firſt Velocity of the other Body P: And 
therefore by the ſame Corollary, its Velocity when it comes to X, 
will be expreſſible by X. Farther, the Time the Body A falls 
to X in, is by Lemma 1. equal to the Time the Arch AB would 
be deſcribed in with the Velocity XB; and the Time the other 
Body falls from P to X in, is equal to the Time the Arch PQ 
would be deſcribed in with the Velocity XQ. But a Body wil 
be as long in moving over the Arch PQ with the Velocity XC. 
as over the Arch AB with the Velocity XB, the Lines XQ and 
XB having the ſame Proportion to each other, that the Arch 
have. Therefore the Time the Body A falls to X in, is equal 
to the Time the other Body P would fall to that Place in 
Which was the firſt Part, 


Again by Lemma 1; | 1 | The Time a Body would fall fron 

| A to & in, is equal to the Time 

it would move over the ArchAb 

| : in, with its laſt acquired Velo. 

Axiom, or ſelf evident| | ' city at X. 

Propoſition | 2 [The Time a Body would more 

| | over the Arch AB in with the 

laſt acquired Velocity at X, i 

to the Time it would move 

| 8 over AX in with the ſame Ve- 

Comparing the firſt and locity, as AB is to AX. | 

Re 3 The Time a Body would fall from 

| A to X in, is to the Time it 

I would move over AX in with 

I the laſt acquired Velocity, 4 
I ABisw AX. 


” 


Axiom 
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Axiom 4 Ag; is to AX as twice AB is to 


| twice AX. | | 
W By the Figure Is | Twice AB is to twice AX as the 
4 | | | Semicircumference of a Circle 
Comparing the 3d, 4th is to its Diameter. 
and 5th Steps | 6 | The Time a Body would fall from 


| AtoX in, is to the Time it 
would move over AX in with 
| its laſt acquired Velocity, as the 
| Semicircumference of a Circle 

is to its Diameter, Which was 
| | the ſecond Part, 


LEMMA III. 


F from the howermoſt Point of a Circle, as X, Fig. 3.) be 
drawn the Chords XQ and XO, the Power of Gravity whereby it 
Hall cauſe a Body to deſcend along the former, will be to the Power 
auberely it ſhall cauſe it to deſcend along the latter, as the Length of 
the former is to the Length of the latter, 


Dem. Draw the Diameter XD, the Perpendiculars QR and 
OS ; and join the Points QD and OD. Then (by 31 Elem. 3.) 
the Triangle X OD is right-angled at Q; and therefore (by 8 
Elem. 6.) 1 [XR:XQ::XQ: XD. 
And for like Reaſons 2 1AS: XO:; XO: XD 
hut by Part I. Chap. 6. 52. 3 | The Effect or Power of Gravity 
7 I | upon a Body deſcending along 
the Chord Q, is to that which 
it exerts upon another falling 
freely ; that is, to its whole 
| Power, as XR to XQ. 
And alſo 5 4 The Power of Gravity upon a 
: | Body deſcending along the 
Chord OX, is to its whole 
EE, | Power, as XS to XO. 
Comparing the iſt and 3d| 5 The Power of Gravity upon a 
| | | Body deſcending along the 
Chord QX, is to its whole 
ES; | Power, as XQ to XD. - 
Comparing the zd and 4th| 6 | The Power of Gravity upon a 
| Wo | | Body deſcending along the 
; Chord OX), is to its whole 
| Power, as XO to XD, 


oo Comparing 
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Comparing the 5th and | | 

6th Steps ' | 7 | The Power of Gravity upon 3 

N Body deſcending along the 
Chord QX, is to the Power 
of Gravity upon a Body de. 
| ſcending along the Chord OX, 
| | asXQ to XO. Q. E. D. 

The Deſcription of a Cycloid, with the Definitions relatin 
thereto. If a Circle as FCH (Fig. 4.) be rolled along the Line 
AB, till it has turned once round; the Point C in its Circum- 
ference, which at firſt touched the Line at A, will deſcribe the 
Curve Line ACXB, which Curve is called a cloid. The right 
Line AB is its Baſe : The middle Point X is its Vertex : And a 
Perpendicular, as XD, let fall. from thence to the Baſe, is its 
Axis : And the Circle FCH, or any other as XGD, equal there. 
to, is called the Generating Circle. | 


LEMM A IV. 


Tf on XD, the Axis of the Cycloid, as a Diameter, the gene. 
rating Circle XG D be deſcribed; and if from a Point in the Cy. 
cloid, as C, the Line CIK be drawn Parallel to the Baſe, the 
Portion of it CG, will be equal to the Arch GX, 

Dem. Draw the Diameter HF, then the Circles FCH and 
DO being equal 1 KG = Cl 
Adding GI to each of them 2 KI = CG 
By the Figure | 3 KI = DF 
Comparing the two laſt 4]|CG = DF 
By the Deſcription of the Cycloid | 5 The Arch CF = AF 

6 
7 
8 


By the Figure The Arch CF = DG 


Comparing the 5th and 6th AF = DG 
By the Deſcription of the Cycloid | 8] AFD = DGX 
Comparing the 7th and 8th with — 
the Figure by FD = GX 


Comparing the 4th and the gth e = GX. Q. E. D. 
LEMMA V. 


The ſame Things being ſuppoſed as in the foregoing Lemma, a 
Tangent to the Cycloid at the Point C, is parallel ts GX a Chord 
YE ea os „ 

Dem. It appears from the Deſeription of the Cycloid, that 
fince the Angle FCH is a right one, (as it is by 31 Elem. 3.) 
the Chord CH is a Tangent to the Curve at the Point C, 9 
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entf is parallel to GX ; a Tangent therefore at the Point C, is 
parallel to GX, the Chord of the Circle DGX. Q. E. D. 


LE MMA VI.“ 


Bs Things remaining as before, if from a Point of the Cycloid, as 
I, the Line LMK be drawn parallel to the Baſe AB, the Arch 
BZ XL of the Cycloid, avill be double of XM the Chord of the Circle 
WS correſponding thereto. Reap y 
Dem. Draw the Line SQ parallel and contiguous to LK 
cCciroſſing the Circle in R, and the Chord XM produced, in P, then 
will LS, MR and MP become Points, the firſt having the Pro- 
perty of a Tangent to the Cycloid at LS, the ſecond that of a 
= Tangent to the Circle at MR, and the third, the Properties of 
à2 Production of the Chord XM. Join the Points X and R, and 
on MP let fall the Perpendicular RO: Produce alſo the Point 
ERM, till it meets XN, a Tangent to the Circle at X. Then 
= will the Lines XN and QS, being each perpendicular to the 
= Diameter DX, be parallel; and the Triangles MNX and MPR 
= will be ſimilar; as having their Angles at M vertical, and at P 
and X alternate. But the Tangents NX and NM are equal (by 
36 Elem. 3.) the correſponding Lines therefore PR and RM in 
the other Triangle, are ſo too: This laſt Triangle is therefore 
an Iſoſceles one; and therefore RO being perpendicular to its 
Baſe MP, MP is equal to twice MO. The Tangent LS is 
parallel to MP, (as being by Lemma 5. parallel to MX) and 
therefore equal to it, the Lines LK and SQ being parallel: It 
is therefore equal alſo to twice MO. But LS is the Difference 
between the cycloidal Archs XL and XS; and MO 1s the Dif- 
ference between the Chords XM and XR, for ſince XO and XR 
are cloſe together, RO which is perpendicular to one of them, 
may be conſidered as perpendicular to both: The Difference 
therefore between any two Archs of the Cycloid is twice that 
which is between two correſponding Chords of the Circle ; and 
conſequently any Arch, as XL, is double of the correſponding 
Chord XM. Q. E. D. 

Coroll. Since when the Arch XL becomes XB, the correſ- 
ponding Chord XM becomes XD the Diameter of the Circle 
DMX ; it is obvious, that the Semicycloid BX, or AX, is equal 
to twice DX the Diameter of the generating Circle DMX, 


LEMM A VII. 


If a Body deſcends in a Cychid, the Force of Gravity . ſo far 
il adts upon it in cauſing. it to deſcend along the Cychaid)} W 
N F 4 a e 
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PRO POSITION II. 


The Time in which a Pendulum vibrating 
in a Cycloid, performs a Vibration, is to the 


be proportionable to the Diſtance of the Body from the loweſt Paint 


of the Cycloid. 


Dem, Let the Cycloid be AXB (Fig. 5.) whoſe Baſe is AB, 
and its Axis DX, on which laſt as a Diameter, deſcribe the ge. 
nerating Circle DQX : Draw the Chords OX and QM; through 
the Points O and Q, and parallel to the Axis AB, draw the 
Lines LS and MR; draw alſo the Tangents LV and MY. Then 
becauſe by Lemma 5. the Tangent LV is parallel to OX, and 
the Tangent MY parallel to QX, it's obvious that Gravity exerts | 
the ſame Power or Force upon a Body deſcending in the Cycloid 
at L (becauſe it then deſcends in the Tangent LV) as it would 
do upon the ſame Body deſcending along the Chord OX : And 
for the like Reaſon, it exerts the ſame Force upon it when it 
comes to M, that it would do if it were deſcending along Q: 
But (by Lemma z.) the Power or Force of Gravity upon Bodies 
deſcending along the Chords OX and QM, are as the Lengths 
of thoſe Chords; that is, by Lemma 6. (halves being propor- 
tionable to their wholes) as the Length of the Cycloidal Archs 
LX and MX. The Force therefore of Gravity upon a Body 
deicending in the Cycloid at the Point L [or any other] is to its 
Force upon the ſame when at M [or any other Point] as the Space 
or Diſtance it has to move over in the former Caſe, before it gets 
to the loweſt Point X, to that it has to run over in the latter, 
before it arrives at the ſame Point. Q E. P). 


Demonſtration of the Propoſition in the Text to which this 
| MMI. on, | 


By Lemma y. The Force of Gravity ſo far as it cauſes a Body 
to deſcend in a Cycloid is proportionable to the Diſtance of that 


Body from the loweſt Point; imagine then that Body to be a 


Pendulum vibrating in the Cycloid, then whatever Point it ſets 
out from, it will by Lemma 2. come to the loweſt Point in the 
ſame Time: And conſequently ſince the like is true as to its 
aſcending from that Point, all its Vibrations be they large or 
ſmall, will be performed in the ſame Time. Q. E. DPD). 
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Time in which a Body would fall freely thro' 

half the Length of the Pendulum, as the Cir- 

cumference of a Circle i is to its Diameter (5). 
PRoB. 


(b) To demonſtrate this, the following Lemma' 5 will be 
of Uſe 


L E M M A VIII. 
If in a a right\angled Triangle, as BFG, Fig. 6.) the Perpend - 


cular FI be let fall from the right Angle to the Hypethenuſe BG, the 


Line BI multiplied by BG wwill be equal to BFq. 


Dem. By 8 Elem. 3. the Triangles BF I and BFG are ſimilar, 


conſequently BI is to BF, as BF 1 is to BG, and therefore BI X 
12 855 18 % E. D. | 


LEMMA IX. 


x a Boch deſcends along a Curve Line, as AX (Fig. 7.) it will 
acquire the ſame Velocity that another, or the Jame Body, would do, 
ty falling from an equal perpendicular Height in the Line DX. | 


Dem. Parallel to'the horizontal Line AD, draw the Lines BM 
and FN contiguous to each other; in conſequence of. which, 
the Lines MN and BG are capable of being conſidered as Points; 
and therefore' the Velocity the deſcending Bodies paſs over them 
with, as uniform; and the curve Line BG, as a ftrait Line 
alſo, and as a Tangent to the Curve AX at the Point BG. 
Things being thus, let it be ſuppoſed that the Bodies begin their 


Fall at B and M, or, which comes to the ſame Thing, that they 


have equal Velocities at thoſe Points: Then the Velocities of 
the Bodies being uniform and equal to each other, (for there is 
no Acceleration in a Point) the Lines BG and MN may repre- 


ſent the Relation the Times they are paſſed over in bear to each 


other. Parallel to DX draw BF, and let the equal Lines BF 


and MN repreſent the Force of Gravity acting perpendicularly 


at thoſe Points ; and let the Force BF be reſolved into two others, 
viz. BI and IF, the one parallel, the other perpendicular to the 
Courſe of the Body at B: It is only the former of theſe, wiz. 
BI, that accelerates the Body along the Curve BG ; the other, 
viz. IF, neither accelerates it nor retards it, but is wholly ſpent 
in preſling the Body cloſe to the Surface BG, if it be a Surface ; 
or in ſtretching the String which keeps the Body i in the Courſe 
ABX, if it be a String. Now the Velocity a Body acquires by 
8 over — Space, 1 18 n to the Force that acts 
* 
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upon it, multiplied by the Time that Foree acts. Since they 
BI repreſents the Force in one Caſe, and MN the Force in the 
other; and BG the Time in one Caſe, and MN the Time in the 
other; it follows that the Velocity generated in one Caſe, is as 
BI x BG; and in the other, as MN x MN; or fince BF and 
MN are equal, as the Quantities BI x BG and BF Xx BF, (or 
BFa) which Quantities by Lemma 8. are equal to each other, 
The Velocity therefore the one Body requires by deſcending along 
BG, is equal to that which the other acquires by falling through 
MN: But the Lines BM and GN being parallel, it is obvious 
there is the ſame Number of BG's in the Curve AX, as of MN's 
in the perpendicular DX ; the Velocity therefore which a Body 
would acquire by falling through one, is equal to that which it 
would acquire in falling through the other. Q. E. D. 
Demonſiration of the Propoſition. Let AXB (Fig. 5.) be the 
Cycloid the Pendulum vibrates in. Then by Lemma 2. com- 
pared with Lemma 7. we have 
5 f The Time a Body would deſcend 
from A to X in, is to the Time 
I éit would move over the ſame Space 
in with its laſt acquired Velocity, 
as the Semicircumference of a 


Buy the Coroll. of Lem | Circle is to its Diameter. 
ma 6, ; 2 A is equal to twice DX. 
By Lemma . 3 The Velocity a Body acquires by 


| | falling from A to X, is equal to 

r II | the Velocity it would acquire by 

From the three laſt falling from D to X. 

compared 4|The Time a Body would deſcend 

1 from A to X in, is to the Time it 

would move over twice DX in, 
with the Velocity acquired by a 
Fall from D to X, as the Semi- 


| - circumference of a Circle is to its 
By Part I. Chap. 5. Diameter. 


$7. 5 | The Time a Body would move over 
| | twice DX in, with the Velocity 
acquired by falling from D to X, 
| = is equal to the Time it would fall 
Comparing the 4th and| from D to X in. | 75 
—. | 6 The Time a Body would defcend 


from A to & in, is to the Time it 
would fall from D to X in, as the 


to its Diameter. 
From 


Se micircumference of a Circle is 
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p R OB L E M. 


7 make a Pendulum vibrate in a 
given Cycloid. 


Solut. Let AXB (Fig. 5.) by the given 
Cycloid ; its Baſe AB, its Akis DX, and its 

nerating Circle DO, as before: Produce 
XD to C, till DC be equal to DX: Through 
C draw the Line EF paralle] to AB, and take 
CE and CF, each equal to AD or DB; and 
on the Line CE as a Bale, and with the gene- 
rating Circle AGE equal to DQX, deſcribe the 
Semicycloid CTA, whoſe Vertex will there- 
fore touch the Baſe of the given Cycloid in A. 
And on the Line CF alſo as a Baſe, deſcribe 


From the Figure 12 The Time of Deſcent from A to X | 
is half a Vibration. 


From the Solution of| 
the following Pro-| 


blem it will appear, T : 5 | 
= 8|DX is half the Length of a Pendu- 


lum, which in vibrating ſhall de- 
Comparing the three ſcribe the Cycloid AXB. 
laſt Steps 9 The Time of half a Vibration is to 


the Time in which a Body would 
fall freely through half the Length 

| of the Pendulum, as the Semicir- 
N cumference of a Circle is to its 
Doubling the Antece- Diameter. 

dents of the laſt Step| 10 The Time of an whole Vibration is 
to the Time in which a Body 
| would fall freely through half the 
Length of the Pendulum, as the 
1 Circumference of a Circle is to its 


1 1 Diameter. Q. E. D. 


an 
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an equal Semicycloid CB. On the Point C, 
3 the Pendulum CTP equal in Length to 
the F ine CX: And let the upper Part of the 
String of it, (as CT, in its preſent Situation in 
the Figure) as it vibrates this Way and that, 
apply itſelf to the cycloidal Cheeks CA and CB: 
Then will the Ball of it P ofcillate in the given 


Cycloid AXB. Ds F. (e). 


C HA. 


{c) Draw TG and PH, each parallel to the Baſe AB; and 
join the Points AG and DH. | Then by the Corollary of 


Lemma 6. 

By the Figure (DC being Hs 
to DX) 

Comparing the 1ſt and 2d Steps 

By Conſtruction 

Comparing the 3d and 4th 


From the 5th Step compared with 


the Figure 


[Tbe String touching the Cycloid | 


| at T) by Lemma 5. 

By Conftration 

From the two laſt Steps compared, 
GAT K is a Parallelogram, 
conſequently 

By Lemma 6. 

Comparing the two laſt Steps 

Comparing the 6th and 11th 


From the 12h Step compared] 


with the Figure 


Comparing the laſt Step with the 


Figure 


From the laſt compared with the | 


Figure 5 


i Comparing the 10 with the Fi- 95 


are Rf 


\ — 


e 


2AE CX 
e 
by X Bs * Yo 
AC = CTP. 


AT = TP 


GA is parallel to TK 
GT is parallel to AK 


GA=TK, and GT AR 
GA TA 
KST TA 
„ E117, 


TK = KP 
The parallel Lines GT 


and PH areequally diſ- 
tant from AD 


The Arch GA = the 
Arch DH 


The Chords GA and DH 
are parallel, and GE = 
_ 


From 


CHAP. 


of the Center of Oſcillation and 
Percuſſion. 
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II. 


PHE Center of Oſcillation is that Point in a 
Pendulum, in which, if the Weight of the 


ſeveral Parts thereof were collected, each Vi- 


bration would be per formed in the ſame Time, 


as when thoſe Weights are ſeparate. 
The Point or Center of Suſpenſion, is the 
Point on which the Pendulum hangs. 85 


A- general Rule for finding the Center of 
Oſcillation, 


If ſeveral Bodies be fixed to an inflexible 
Rod ſuſpended don z Point, and each Body 


From the 7th and 16th Steps com- 

pared with the Figure 

And therefore (KD being by Con- 
ſtruction parallel alſo to PH) 


 KDHP is a Parallelogram, con- = 


ſequently 

By Lemma 4. 

Comparing the gth and 10th 

By the Deſcription of the Semi- 
cycloid CTA 

From the two laſt compared with 
the Figure 

Comparing the 18th and 22d 


Comparing the 16th and 23d 
But by Lemma 4. 


24 
if PH be * to HX, P is a Point in the 


| 


| 
KP is parallel to DH. 
KD = PH 
GT = the Arch AG 
AK = the Arch AG 
[AK D = AGE 
KD=CGE 
PH = GE 
PH = HX. 


Cycloid AXB; the Ball of the Pendulum CTP therefore being 
at that Point, is in the given Ih The Problem therefore 


was rightly ſolved. 2 E. D 
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be multiplied by the Square of its Diſtance 


from the Point of Suſpenſion, and then each 


Body be multiplied by its Diſtance from the 
fame Point; and all the former Products when 


added together, be divided by all the latter 


Products added together, the Quotient which 
ſhall ariſe from thence, will be the Diſtance of 
the Center of Oſcillation of thoſe Bodies from 
the ſaid Point. 5 
Thus, if CF Fig. 8. be a Rod on which 
are fixed the Bodies A, B, D, Sc. at the ſe- 


veral Points A, B, D, &c. and if the Body A 


be multiplied by the Square of the Diſtance 
CA, and B be multiplied by the Square of the 
Diſtance CB, and ſo on for the reſt : And then 
if the Body A be multiplied by the Diſtance 


CA, and B be multiplied by the Diſtance CB, 


and ſo an for the reſt; and if the Sum of the 


Products ariſing in the former Caſe, be divided 
by the Sum of thoſe which ariſe in the latter, 


the Quotient will give CQ, the Diſtance of the 
Center of Oſcillation of the Bodies A, B, D, 


Sc. from the Point C (d). 


(4) Dem. That the Proceſs may be leſs complicated, let us 


ſuppoſe but two Bodies, as A and F, fixed to the Rod CF; and 


let AI and FL be the Archs which the Bodies A and F deſcribe 
when the Pendulum vibrates, and let the Pendulum be removed 
into the Situation CL, Contiguous to the Line CL draw CR; 
then may the Archs IP and LR be cofſidered as Tangents at 
the Points I and L, and thoſe Tangents as inclined Planes, down 
which the Bodies I and L are to roll: Theſe Tangents being 


each perpendicular to CL, are equally inclined to the Horizon, 
the Bodies therefore will endeavour to roll down with equal Ve- 


locities; but this they cannot do, becauſe being fixed to the in- 
| | flexible 
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nee gexible Rod, they muſt deſcribe the unequal Archs IP. and LR 
ach in the ſame Time. That is, the Body L will oblige the Body I 
the | to-deſcribe a leſs Arch than it otherwiſe would have done; and 


the Body I will occaſion the Body L to deſcribe a larger Arch 
| than it would have done. And the Effects of the Forces by 
| which they act thus upon each other, like thoſe of Action and 
Reaction, will be equal. It remains to determine theſe Effects. 
In order to which, parallel to LI draw MN, and let the 
equal Spaces LM and IN be thoſe the Bodies would move over 
in the leaſt Time poſſible, had they been independent of each 
bother. And let the Archs LR and IP be thoſe which the Bodies 
joined to the Rod deſcribe in the ſame Time. For the Reaſon 
| juſt mentioned, the former of theſe, viz. LR, will be larger, 
and the latter, wiz. IP, will be leſs than LM or IN; and the 
Arch which the Center of Oſcillation deſcribes will be equal to 
LM or IN, becauſe the Center of Oſcillation deſcribes that 
Arch which the Bodies would deſcribe in the ſame Time, if 
they were both together, and neither of them an Hindrance or 
Furtherance to the other. Conſequently the Center of Oſcilla- 
tion is at V, where the Lines MN and PR croſs. 
Now the Motion which the Body I loſes by being retarded, 
is its Motion over the Arch PN; and the Motion the other Body 
gains by being accelerated, is its Motion over MR : The Force 
or Moment of the firſt of theſe Motions, is the Product of the 
Body I multiplied by the Space PN ; and the Force or Moment 
of the laſt is the Product of the Body L multiplied by the Space 
MR. Theſe are the Forces, Moments or Actions, which retard 
the one Body, and promote the Motion of the other. But ob- 
ſerve, that theſe Forces or Moments, in as much as they act at 
different Diſtances from the Center C, about which the Bodies 
I and L, when the Pendulum ſwings, do revolve; have each 
their Mechanical Advantage; but the one a greater than the 
other: For Inſtance, L has an Advantage which is as LC, its 
Diſtance from the Fulchrum C ; and I only the Advantage IC. 
As then in determining the Effect of a Power applied to a Lever, 
we multiply it by its Diſtance from the Fulchrum ; ſo the above- 
mentioned Forces or Moments (wiz. I multiplied by PN and L 
multiplied by MR) muſt be multiplied by their reſpective Diſ- 
tances from C; and then we have I multiplied by PN multi- 
plied by IC, and L multiplied by MR multiplied by LC for the 
Effects, which, as things are circumſtantiated, thoſe Forces or 
| Moments have upon the Bodies [and L. But, as obſerved above, 
thoſe Effects are equal, conſequently we have for the firſt Step 
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The Center of Percuſſion is that Point in 2 
Pendulum, or in an inflexible Rod moving 


But the 'Triangles PNY 
and MRY are ſimilar, 
conſequently | 

Comparing the two laſt 

Or taking the Pendulum 
in the Situation, CPR, 
in which I coincides 
with P, and L with R, 

we have | 

Or, which is the ſame 

thing ed 


That is, in Words, if o 


the Center of Suſpenſion. 


Aaa + Bbb + Dad + FF 


 Aa+Bb+ Dd+ FF. 
of the Rule above laid down. 


1 


4 
5 


II PNXIC=L XMR x Le 
| 


PN : MR:: PV: RY 
I xPY XIC=L x RY XLC 


PXPY x PC=RxRY xRC 
| | | | 
5JAXAQXAC=F x FQ xFC, 
| ne of the Bodies were multiplied by 
its Diſtance from the Center of Oſcillation, and the Product 
ariſing from thence were multiplied by the Diſtance of the ſame 
Body from the Center of Suſpenſion, this laſt Product would be 
equal to the Product of the other Body multiplied by its Diſtance 
from the Center of Oſcillation, multiplied by its Diſtance from 
And, fince the ſame would be true 
if there were more Bodies, if each Body be multiplied by its 
Diſtance from the Center of Oſcillation, and that Product by the 
Diſtance of the ſame Body from the Center of Suſpenſion, all 
the Products relating to the Bodies on one Side the Center of 
_ Oſcillation taken together, will be equal to all thoſe which te. 
late to the Bodies on the other Side thereof taken together. Let 
then the Diſtances of any Number of Bodies, as A, B, D, E, 
from the Center of Suſpenſion be called a, 6, d, %, reſpettivel), 
and the Diſtance of the Center of Oſcillation Q from the Center 
of Suſpenſion C, be called x : And ſuppoſe the Diſtances of the 
Bodies A, B, D, leſs than the Diſtance C 
the Body F greater, as in the Figure; then will the Diſtances 
of A, B and D from the Center of Oſcillation be expreſſible by 
* -a, x—b, and x—4; and the Diſtance of F, by f—x ; mul- 
tiplying then each Body by its Diſtance from one Center, and 
the Product ariſing therefrom by the Diſtance of the ſame Body 
from the other Center, we ſhall have Aax — Aaa + Bbx — 
B4b + Dax — Dad = FE, — Ffx, which 


Which latter Equation is the Senſe 


Q, or x; and that of 


reduced pives x = 
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round a Point, with which, if the Pendulum 
lor Rod ſtrikes againſt an Obſtacle, no Jar or 
Shock at the Point of Suſpenſion fhall be oc- 
caſioned thereby. 

Thus, let CF (Fig. 8.) be an inflexible Rod, 
having the Bodies A, B, D, Sc. fixed in it 
at the Points A, B, D, Sc. and let O be an 
Obſtacle againſt which, as it vibrates or ſwings 
round the Point of Suſpenſion C, jt may 
| ſtrike againſt : then, if there be no Jar or 
Shock occaſioned thereby at the Point C, the 
Point that ſtrikes againſt O, (as the Point W 
ſuppoſe) is called the Center of Percuſſion. 


PROPOSITION, 


The Center of Percuſſion is the fame with 

the Center of Oſcillation ; and conſequently 
may be determined by the ſame Rule (e). 
5 | | PRO B. 


le) Dem. From the Definition of the Center of Percuſſion 
above laid down, it appears, that the Forces with which the 
Bodies A, B and D, which would paſs above O, move; muſt 
be a Counterbalance to the Force of the Body F, which would 
paſs below it : and that the Force of F muſt be a Counterbalance 
tothem, But the Forces wherewith thoſe Bodies move, are as 
their Maſſes multiplied by their Diſtances from C, their Velo- 
cities being as theſe Diſtances. Farther, when the Point 
comes to O, and is ftopt there, the Bodies A, B and D, en- 
deavouring to go on, ſway or. bear againſt F, and F againft 
them; juſt as if they were fixed to a Lever, as AF, having its 
| Fulchum at Q. Conſequently the Forces of the former Bodies, 
ſo far as they act againſt the latter, are as their Diſtances from 
the Point Q; and the Force of = latter, ſo far as it acts againſt 
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PROBLEM. 


Let it be required to find the Center d 
Oſcillation, or Percuſſion of an inflexible Rod 
AB (Fig. 9. as a Bar of Iron, or the like) 
every where of equal Size, and vibrating in 
or revolving round the Point A, as a Center of 


Suſpenſion {f)., 


the former, is as its Diſtance alſo from Q : the abovementione! 
Forces muſt therefore be multiplied by the Diſtances of the 
Bodies from Q; but the former of them, as obſerved above, bz. 
lances the latter; and the latter them, So many therefore of the 
laſt Products as relate to the Bodies above Q taken together, mul 
be equal to that which relates to the Body (or Bodies) below it. 
But the like Products were equal to each other, when the Poin 
Q was looked upon as the Center of Oſcillation (as in the 5th 
$tep of the foregoing Proceſs) conſequently the Center-of Per. 
cuſſion is the ſame with that of Oſcillation. Q. E. D. 

(fF) Solut. Imagine the Red to be divided into the leaſt pol 
Ghlc Parts B, C, D, &c. each of which call Oze. Theſe Pam 
we may conſider as ſo many Bodies contiguous to one another; 
fo that the Center of Oſcillation or Percuſſion of theſe Bodies 
will be the Center of Oſcillation or Percuſſion of the whole Rod. 

To find this, we are by the Rule above laid down in the Text, 
to multiply each of theſe Bodies by the Square of its Diſtance 
rom A. The firſt of theſe Products then will be B (or One) 
multiplied by AB ſquared ; but one multiplied by AB ſquared, 
is the ſame with AB ſquared; now AB ſquared is a ſquare Area 
os Surface, one of whoſe Sides is AB. In like manrer the 
Body C, when multiplied by the Square of its Diſtance from A, 


is a Square Area, one of whoſes Sides is AC, fomewha leſs than 


the former. Imagine this Area laid upoa the former ; and the 

next, which will be leſs ftill, laid upon that; and ſo on till you 
come to the leaſt of all. Theſe will make a Pyramid, whoſe 
Baſe is the firſt Area, and its perpendicular Height will be 
equal to the Thickneſs of them all together; which Thickneſs 


_ Conteaþ 


Yall be as the Length of che Line BA. The Value or ſoltd 


r 
Ae 


n 


ar 


— 
. 
0 
* 
* 
— 
- 
* 
- 
a Ro ag EL £8 nn * 
CE OR IS TR OO We wn FT me" FATE TIER * 
* : eb Wc Ne OE oe Sg h 725 
e 1 


am 


7 


* 
7 


7 —— 


* „ hd -- 


let —ů—ů — — 2 2 
. N 0 


7 
* 
P ———— — 2 2 H 


* 


N 
— 


; — —— x UU 


— 


APPENDIX to Part J. 19 


content of this Pyramid will be ABg (viz. its Baſe) multiplied 
Tby a third Part of AB (its perpendicular Height). In the next 
place we are to multiply each of thoſe Bodies by its Diſtance 


Line, as AB; ſo the Product of C, multiplied by its Diſtance 
las the Areas were before) will make a Triangle, whoſe Baſe 
vill be AB, and its perpendicular Height alſo AB; the Value, 
or Area of which, will be AB multiplied by * AB. In the laſt 


e firſt Caſe, by the Sum of the Products in the latter; that is, 
FF the Content of the Pyramid by the Area of the Triangle; that 


ef Oſcillation or Percuſſion, (as E ſuppoſe) from A the Center 
of Suſpenſion, muſt be equal to two Thirds of AB, the whole 


Length of the Rod. Q. E. I. 


| from A: Now the Body B (or One) multiplied by AB, give a 


Ac, give a Line, as AC; theſe Lines heaped one upon another 


| Place, by the Rule, we are to divide the Sum of the Products in 
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is, ABq X 4 AB, by AB x AB, which gives =; that is, 
2 AB, or two Thirds of AB : fo that the Diſtance of the Center 
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_HYDROSTA,TICS. 


„ 
F the Phenomena which ariſe from 
the mutual Action of the. Particles 
of Fluids upon one another, | 


I. TN the former Part of this Eſſay, I have 
laid down» and explained the general 
Laws of Nature, and from thence de- 

| duced thoſe Phænomena, which are in a ſtrict 

and proper Senſe * denominated Mechanical: 

Ho. COR | I pro- 


'In a larger Senſe, all the Effects and Operations of natural 
Bodies upon one another may be called Mechanical; as being 
all ſubject to the general Laws of Motion. In Hydroftatics 
Fluids are governed by the Laws of Mechaniſm, as much as 
the Mechanical Powers themſelves, are ; the ſame holds of the 

ei | H Rays 


4 The Action of Fluids Part II. 
I proceed now to an Explanation of ſuch, as 
Philoſophers have comprehended under the 
Name of Hyaroftatics ; the Intention of which 
is to explain the Nature of Fluids, and the 
Manner wherein they act upon one another, 
and upon Solids. _ 5 = 
II. The Nature of a Fluid“, as diſtinguiſh- | 
ed from that of a Solid, or hard Body, conſiſts. 
in this, viz. that its Particles are ſo looſely 
connected together, that they readily move 
out of their Places, when prefſed with the 
leaſt Force one Way more than another þ. 
From whence Philoſophers conclude, that 
S | they 


Rays of Light, as will be ſeen when we come to Optics ; and 
In the larger Bodies of the Planetary Syſtem, Mechaniſm equal- 
ly prevails, as has been demonſtrated by Sir 1/aac Newton ; 
which we ſhall endeavour to make out when we treat of the 

| Phyſical Cauſe of the Motion of the Heavenly Bodies. 


| Some Philoſophers make the following Diſtinction in Flu- 
| ids ; thoſe which flow or ſpread themſelves till their Surfaces 
| become level or horizontal, they call Liguid; in Contradiſtinc- 
tion to Flame, Smoak, Vapour, Sc. which are alſo Fluids, but 
do not acquire ſuch a Surface. Thoſe, which are capable of 
exciting in us the Idea of Moiſtneſs, as Water, &c. they call 
Humid, diſtinguiſhing them thereby from Air, Quickſilver, and 
melted Metals. But thoſe Diſtinctions are quite unneceſſary in 
a Philoſophical Senſe ; the Surfaces of all Fluids being level,. 
when not prevented by the Bodies about them; and Humidity: 
is only a Ws 9 Quality; for tho? Quickſilver will not moiſten, 
or ſtick to a Man's Hand, it will to Silver or Gold. 


+ The common Definition, Fluidum eſt cujus. partes impreſſion. 
cuicunque cedunt, & cedendo facillim? moventur inter ſe, though 
it expreſſes very well the Nature of a compreſſible Fluid, as Air, 
2 does not correſpond to that of Water, whoſe Parts have 

een found to yield to no Force, with which they have been 
5 compreſſed, 


* 


Chap. 1. among themſelves, 5 
they are exceedingly minute, ſmooth, and 
round *; it being otherwiſe impoſſible they 
TY | ſhould 


compreſſed, unlefs it was greater on one 9ide than on the other. 
The Definition therefore ſeems imperfect, as not expreſſing that 
Inequality of Preſſure, which 1s requiſite to move the Parts of 
fome Fluids. one among another. 


t is commonly obſerved that the Roundneſs of the Parti- 
eles conduces very much to Fluidity, not only as it diſpoſes them 
to move one among another with greater Facility, but becauſe 
round Bodies touching one another in few Points only, the 
Force with which they mutually attract each other, is the weaker. 
' But, upon this Suppoſition, the Particles of a Fluid ought to 
move with leſs Freedom one among another, by how much the 
reater the Weight is, with which they are compreſſed (for it 
is the ſame Thing in this Reſpect, whether they preſs againſt 
each other by Virtue of their own Attraction, or by ſome ex- 
ternal Force) but of this we have no Experience. A Diver, 
upon plunging out of his Bell at the Bottom of the Sea, never 
finds the Water leſs fluid, notwithſtanding the great Preſſure 
from above. Mr. Beyle having cauſed a Tadpele to be put into 
a Veſſel of Water, and to be preſſed with a very great Force, tells 
us, that in Appearance it found no Inconvenience from thence, 
but fwam about with the ſame Freedom and Briſſneſs as ever. 
Quere, Whether the Particles of which Fluids conſiſt, are in 
Contact with each other, or not? Perhaps, they are prevented 
krom approaching nearer than to a certain Diſtance, by a re- 
lling ower, diffuſed around each ſingle Particle. The Ob- 
| OOO that Water is not render'd leſs fluid by Preſſure, ſeems 
to favour this Opinion; and the Property, which the Air has of 
expanding or contracting itſelf, according to the Weight which 
it ſuſtains, (as ſhall be fhewn, Chap. 3.) proves beyond Contra- 
diction, that its Particles are'endued with ſuch a Power. But 
then if the Particles of all Fluids have this Power, it will follow 
that they ought to be in ſome Meaſurecapable of being reduced 
into leſs Space by Preſfure, as Air is; which they have not as 
* been ſfiewn to be. Further, fince it has been proved (Part 
I. Chap. z.) that if the Parts of Fluids are placed juſt beyond 
their natural Diſtances from each other, they will apprones and 
run together, and if placed farther aſunder ſtill, will repel each 
other; it follows, upon the ſorogoleg Suppoſition, has each 
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ſhould move with ſuch Freedom one among 


another, upon the leaſt Inequality of Preſſure. 


III. Thoſe Particles, conſidered ſeparately, 


are endued with all the common Properties 


of Matter, and ſubject to the ſame Laws of 
> +2515; +. Motion 


Particle of a Fluid muſt be ſurrounded with three Spheres of 
Attraction and Repulſion one within another: the innermoſt of 


which is a Sphere of Repulſion, which keeps them from ap- 


proaching into Contact; the next, a Sphere of Attraction dif- 
tuſed around this of Repulfion, and beginning where this ends, 


by which the Particles are diſpoſed to run together into Drops; 


the outermoſt of all, a Sphere of Repulſion, whereby they repel 


each other, when removed out of that Attraction. 


Now, if this ypotheſis ſhould be found to be true; and we 
might, agreeably to the above-mentioned Conſequence of it, 
ſuppoſe, that the Particles of all Bodies attract and repel each 
other alternately at different Diſtances, perhaps we might be 


able to ſolve a great many Phznomena relating to ſmall Bodies, 
which now lie beyond the Reach of our Philoſophy. However, 


upon the Suppofition of the three Spheres of Attraction and Re- 
pulſion juſt mentioned, nothing is more eaſy, than to ſee how 


Solids may be converted into Fluids, and Fluids into Solids (as 
is done in Liquefaction and Freezing;] for allowing, that the 


firſt or innermoſt Sphere of Repulſion is capable, like that of 
the Particles of Air, of being augmented by Heat, and dimi- 
nithed or totally ſuſpended by Cold, it follows, that Bodies muſt 
be more or leſs fluid, in Proportion to the Degree in which 


they are affected by Heat or Cold: for «hen the Action of the 
firſt Sphere of Repulſion is diminiſhed or deſtroyed by Cold, the 
Particles of the Fluid muſt neceſſarily be brought into cloſer 
Contact with each other by the Torce of the circumambient 


Attractions, and by that means conſtitute an harder Body than 


before. But, we muſt not dwell too much upon an Hypotheſis 
which wants Proof ; I ſhall only add, that altho' ſome Fluids, 


as Water, have not been as yet contracted in their Dimenſions, 
or made to take up leſs Space than they naturally do, by any 
Force with which they have been compreſſed by Art; yet there 
are none but are naturally contracted by Cold; from whence it 

ſeems reaſonable to infer, that their Particles are at leaft capable 


of being brought into cloſer Contact, which is ſome Confir- 


mation of this Doctrine. 


It 
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Motion and Gravitation with larger Bodies. To 
enquire therefore into the Nature of Fluids, is 
to conſider, what Appearances a Collection of 
very {mall round Bodies, ſubje& to thoſe Laws, 


will exhibit under different Circumſtances. In 


order to which, it is uſual with Hydroſtatical 
Writers to conſider a Fluid, as divided into ſe- 
veral perpendicular Columns contiguous to each 
other. Sometimes it is convenient to conceive 

it divided into thin Plates or Strata lying upon 


one another. In ſome Caſes, the ſame Fluid 


is conſidered, as diſtinguiſhed both theſe Ways, 
v1. into perpendicular Columns, and alſo into 
thin Strata or Plates. Figure 1. repreſents a 


Veſſel filled with a Fluid to the Height EF, 


and divided into the Columns GH, IK, LM, 


Se. and alſo into the Strata RS, TV, XY, 


Ec. 3 PT 
IV. From this Obſervation, concerning the 

Properties of the Particles conſidered ſeparate- 
ly, immediately reſults the following. Propo- 


* ſition, vis. that in a Veſſel, whoſe Form is 


ſuch as repreſented by ABCD, (Fg. 1.) the 
Quantity of. Preſſure, which each Stratum ſuſ- 
tains from the Weight of the incumbent 
Fluid, is in Proportion to the Number of thoſe 


It is an obvious ObjeRion to this, that Water by freezing is 
augmented in its Bulk; but this may be owing to thoſe Bub- 
bles or Vacuities, obſervable in the Water after it is frozen, 


which were not in it before; and not to any general and uni- 


form Removal of the Particles of the Fluid from each other, 
which the Objection, if it is of any Force againſt what has 
been advanced, muſt ſuppoſe. 


H 3 Strata, 
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Number of Strata of which it conſiſts. 


by the contiguous ones. 


from thence towards ſome other Part of the 


other Particles of that Stratum are at an equal 
Depth below the Surface of the Fluid with 


Parts. Now, the like Reaſoning will. hold 


any other Part of the Veſſel; from whence it 
lions, - that each Particle of the Fluid is 
| ſuſta ned in its Place by the contiguous ones, 


8 The Aclion of Fluids Part II. 
Strata, which reſt upon it, that is, as the Height 
of the Surface of the Fluid above it; for if 
we ſuppoſe the Strata of equal Thickneſs, the 
Quantity ſuſtained is proportionable to the 


V. When the Surface of a Fluid is horizon- 
tal or level, each Particle thereof is di ſpoſed to 
continue in its Place, being ſuſtained benin 


Loet the Fluid be ſuppoſed to be divided 
into Strata, each of the Thickneſs of a Parti- 
cle of the Fluid; and if the Truth of this 
Propoſition be denied, let the Particle u be 
one of thoſe which is not ſuſtained in its 
Place by the contiguous ones, but is movin 


Veſſel, v. g. towards D. Nov, fince all the 


this, they alſo ſuſtain an equal Degree of Preſ- 
ſure (by the laſt Propoſition, ) conſequently for 
the ſame Reaſon that one of them is moving 
towards D, the reſt may all be ſaid to be 
moving in the {ame Direction: but this can- 
not be true of the whole Stratum, while the 
Veſſel is entire, and therefore of none of its 


againſt the Motion of the Particle m » towards 


and 


Chap. 1. among themſelves. 9 
and therefore diſpoſed to continue at Reſt *. 
VI. From hence is derived a fundamental 
Propoſition in Hydroſtatics, vis. That when 
the Surface of a Fluid is level, whatever Preſ- 
ſure any ſingle Particles or ſmall Portion of it 
ſaſtains from the 'contiguous ones on one 
Part, it ſuſtains the ſame on all the reſt; that 
is, it is preſſed by them with an equal Degree 
of Forxe on all Sides F. ep 
For, by the Definition of the Fluid (F. 2.) 
each Particle is diſpoſed to give Way, and move 
out of its Place, when the Preſſure is not equal 
on all Sides; and (S. 5.) each Particle is preſſed 
by the contiguous ones in ſuch a Manner, that 
it is ſuſtained in its Place thereby; it is there- 
fore preſſed with an equal Degree of Force on 
all Sides. FF | 
Corol. From hence it follows, that each 
Particle or ſmall Portion of a Fluid preſſes 
with the ſame Degree of Force in all Direc- 
tions on thoſe which are contiguous to it. 


For, by the third Law of Nature, every Par- 


* This ſhews us the Abſurdity of ſome Philoſophers, who 
make the Nature of a Fluid, as contradiſtinguiſhed from that 
of a Solid, to conſiſt ſolely in the inteſtine Motion of its Particles. 


+ This Propoſition, with its Corollary, is not ſtrictly ſpeaking 
true, unleſs the Particle or Portion of Fluid we ſpeak of 1s ſup- 
poſed void of Gravity, for it preſſes downwards with a Force 
equal to the Weight of thoſe Particles which reſt upon it, ad- 
ded to its own ; whereas the Force with which it preſſes up- 
wards is only equal to the Weight it ſuſtains, viz. that of the 
incumbent Fluid. But the Particles of Fluids are ſo exceedingly 
minute, and the Gravity of each ſo very ſmall, that the Error 
ariſing from hence is inſenſible. 15 


H 4 ticle 
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ticle preſſes upon the contiguous ones with the 
ſame Degree of Force, with which it is preſſed 
upon by them. 

VII. The Surface of a Fluid becomes level 
by its own Gravity, when no external Force 
prevents it being ſo. > . 

For, the Particles of Fluids preſs in all Di- 
rections with Forces proportionable to the 
Height of their Surfaces (Cor. F. 6. and F. 4.) 
If then the Surface be not level, the different 
Parts of the ſame inferior Stratum will be preſ- 
ſed not only downwards, but ſideways againſt 
each other with unequal Forces ; the greater 
Preſſure therefore overcoming the weaker, the 
Particles which ſuſtain the leaſt Preſſure, will 
be driven out of their Places, and raiſed up till 
the Surface becomes leyel ; the Surface being 
level, each Particle will be equally preſſed in 
every Direction, (F. 8.) all therefore will re- 
main at Reſt, and the Surface continue in that 
State ®.. wer 5 
3 1 


This Demonſtration, and alſo both the foregoing, are 
founded upon a Suppoſition, that Bodies tend downwards by 
their Gravity in Lines parallel to each other, which though 
pbyſically true, is not ſtrictly ſo, their Tendency being towards 
the Center of the Earth, and conſequently in Lines which meet 
in a Point: and therefore, if we would be accurate, the Fluid 
contained in a Veſſel ſnould be conſidered, as divided into Co- 
lumns and Strata, as repreſented Figure the ſecond, where ABD 
is the Earth, C its Center, E FG H a Fluid contained in a Veſ- 
ſel, and divided into Columns, which if continued down to 
the Center of the Earth, would there terminate in a Point C; 
and. into the concentric Strata, a &, cd, &c. having the Center 
of the Earth for the Center of their Convexity. And then 3 
Ht] 15 N | / 


\ 


» 
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VIII. Fluids gravitate in Fluids of the ſame 

Lind. 7 5 
" This Propoſition is a neceſſary Conſequence 
of what has been obſerved about the Nature 
of the Particles of which Fluids conſiſt, vi. 
that they are ſolid, and endued with the ſame 
Properties with other Bodies. The Reaſon 
why their Gravity 1s not ſenſible in the Fluid, 
is becauſe the lower Parts ſuſtain the upper, 
and hinder them from deſcending. But, it 
does not follow from thence, that the Gravity 
of the uppermoſt is entirely taken away, as 
ſome * Philoſophers have imagined ; for, as 


- ſhould find that the Particles of the Fluid will not be in Æqui- 
librio with each other, till all the Parts of its Surface are at 
equal Diſtances from the Center of the Earth, forming thereby 
the Surface EF, concentric to that of the Earth. For, ſup- 
poling the Fluid EFGH continued down to C, ſo as to fill the 
Space E CF; it is evident the Columns, into which the Fluid is 
divided, cannot be of equal Lengths, and therefore cannot be of 
an exact Counterpoiſe to each other, unleſs the Surface EF is a 
Portion of a Sphere, whoſe Center is C: but the Action of the 
| Parts of the Fluid upon each other at the Surface, is the ſame, 
whether the lower Part GCH be a Fluid, or not. Conſequently 
the Surfaces of Fluids are not level or plain, but convex, havin 
the Center of the Earth for the Center of their Convexity. 
This Convexity, by Reaſon of the great Diſtance of the 
Earth's Center, approaches ſo near to a Plane, that in ſmall 
Portions of it, the Difference is not ſenſible, and therefore may 
he neglected: but at Sea, tis evident to Senſe ; for when the 
Mariners put to Sea, tie Shore firſt diſappears, then the lower 
Buildings, afterwards the Towers, Mountains, c. in like 
Manner, when they approach a diſtant Ship, the Top of its 
Maſt and Sails appear firſt, while the Ship itſelf is intercepted” 
from their View, by the-Convexity of the Water between them. 5 
This was the Notion of the Cartgfans, who held, that 


when a Fluid is mixed with another of the ſame Kind, it loſes 
its own Weight thereby, 


much 
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much as the lower Parts: preſs againſt the upper 
in ſuſtaining them; juſt ſo much do the upper 
by their Re- action preſs upon the lower. Thus, 
the Weight of the whole Fluid is communi— 
cated to the Veſſel, which therefore weighs 
according to the Quantity it contains, notwith- 
ſtanding the Preſſure of each Portion of the 
Fluid, taken ſeparately, ſeems not to affect it. 
IX. The Preſſure of a Fluid is in Proportion 
to its perpendicular Height, and the Quantity 
of Surface againſt which it preſſes. 
This Propoſition admits of four Caſes. 
1. When the Fluid is contained in a Veſſel 
of the ſame Dimenſions, from Top to Bottom, 
and held in an erect Poſition, as that repreſented 
Fig. 1. it is evident, the Preſſure of the Fluid 
upon the Bottom will be in Proportion to its 
Magnitude, and the perpendicular Height of 
the Surface of the Fluid above it. For, con- 
ceiving it divided into Columns, the Preſſure 
upon the Bottom, by the fourth Propoſition, 
will be as the Length or Height of the Co- 
lumns: and it will alſo be as the Number of 
them, becauſe the Quantity of Fluid, which 
preſſes upon the Bottom, is in that Proportion, 
that is, as the Magnitude of the Bottom preſſed 
upon. But when the Veſſel is inclined or ir- 
regular, the Truth of this Propoſition is ſo far 
from being evident, that it has been commonly 
-« HJooked upon as a Paradox. 


2, Let 


„ id In 


Chap. T. anmng themſebves. 13 

2. Let the Veſſel ABCD (F ig. 3.) be filled 
with a Fluid to the Height EF, and held in 
an inclined Poſition, as there repreſented; I 


ſay, the Preſſure of the Fluid is proportionable 


to the Magnitude of the Baſe CD, and FG 

or HD the perpendicular Height of the Sur- « 

face of the Fluid above it. 
For ſuppoſing the Fluid divided into the 


| Strata EI, KM, LO, Sc. ſo fer, as the firſt 

| Stratum EI is prevented from prefling upon 
El the Surface of the next inferior Stratum, 

| by being in ſome Meaſure ſupported by the 


Side of the Veſſel FI, fo far is its Preſſure aug- 


| mented by the Re- action of the oppoſite Side 


EK upon it, which is exactly equal to the 
Action of the former, becauſe the Fluid preſſ- 
ing every Way alike, at the ſame Depths be- 
low the Surface, exerts an equal Force againſt 
both theſe Sides. The Surface therefore of 


| the ſecond Stratum is preſſed with the ſame 


Degree of Force with which it would be, 


| if the Quantity of Fluid contained in the for- 
| mer Stratum was included within the Space 
HK Q]. which is exactly equal to it, as having 

the ſame Baſe KI, and the ſame perpendicular 


Height Q1*. Now, this being true of each 


Stratum, their Preſſure upon CD the Baſe of 


the Veſſel is the fame, as if they were all 


placed perpendicularly over it, and filled the 


Space RH CD; which they would do, ſince 


| ” 31 El. 11. | 
the 
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the Sum of their perpendicular Height QI, KS, 
LT and NV, are equal to HD the perpendicu- 
lar Height of this Space, and each of their 
Baſes K I, LM, Sc. is equal to CD its Baſe . 
But, by the foregoing Caſe, if the Space 
„RH CD was filled with a Fluid, the Preſſure 
of it would be proportionable to the Dimen- 
fions of the Baſe CD, and the perpendicular 
Height D EH, therefore it is the ſame in the in- 
clined Tube ABCD ||. 

Let the Veſſel ABC be irregular, as 
repreſented Figure the fourth, and filled with 
Fluid to the Height D, I ſay, the Preſſure 

of the Fluid upon the Baſe C, is proportion- 
able to the Magnitude of the Baſe, and CD 


the perpendicular —— of the Surface of hon 
Fluid above. 0 


r . a at Mo 


+ 31 El. 17. 
| Perhaps it may be thought m more Geometrical, to deman- 
ſtrate this Propoſition with the Generality of Authors from the 
Property of the inclining Plane. They conſider AD the lower 
Side of the Tube, as an inclined Plane, on which the Fluid 
contained within it reſts, and argue that it loſes thereby a Part 
of its Weight in Proportion to the Length of the Plane, and 
therefore occaſions no greater Preſſure upon the Baſe, than if 
the Veſſel was held erect, and filled only to the ſame perpen- 
dicular Height, as when inclined. But this Demonſtration 
proves too much; for by this Way of Reaſoning, one might 
ſhew, that the Preſſure of the Fluid EFCD upon the Bafe CD, 
is leſs than the Preſſure of RHCD, a Column of the fame Fluid 
having the ſame Baſe and equal perpendicular Height with it. 
For both the inclined, and the perpendicular Column contain 
the ſame Quantity of Fluid, upon Account of the Equality at 
their Baſes, and perpendicular Heights ; but that refts upon an 
inclined Plane, which this does not, and therefore preſſes leſs 
upon the Baſe. But this is contrary both to Demonſtration and 
Experince, the Argument therefore proves too much, | 
: 2 
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In order that the Proof of this Propoſition 


may be the better underſtood, we muſt pre- 
miſe the following Lemma, viz. 


That when a Fluid paſſes through a Pipe, 


as AB, (Fig. 5.) which in ſome Parts is larger 
than 1n others, the Moment, or Force with 


15 
which is moves, is every where the ſame. For 


while the Fluid is paſſing through the Tube, 
its Velocity in every Part will be reciprocally 


as the Quantity of Matter; for Inſtance, it wil! 


be as much greater at C, than it is at D, as 


the Quantity paſſing through C at any Inſtant 
of Time, 1s leſs than at D, and ſo of the reſt ; 


becauſe a leſs Quantity would be conveyed 


through the ſmaller Parts of the Tube in the 


fame Time, unleſs it ſhould move faſter there 
in Proportion to the Smallneſs of them. Now 


the Momentum of Bodies is partly owing to 
the Quantity of Matter, and partly to the Ve- 
locity ; (as explained Part I. Chap. 9. F. 1.) 
conſequently what the Fluid, which 1s 3 


paſſing through the narrower Parts of the 


Tube, wants in Quantity, is compenſated by 
its Velocity in thoſe Parts, and what it wants 


in Point of Velocity in the other Parts, is made 
up by the Quantity paſſing through them; ſo 


that the Moment is the ſame in every Part of 


the Tube, whether larger or narrower *. The 


ſame is true, whatever be the Poſition the Tube 
NG 18. --. -.:- 1 Let 


* Thus, we may obſerve in a River or Canal, that by how 
much the Breadth or Depth is leſs in any Part, ſo much the 


more 
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Let us now conceive the Fluid in the 
Veſſel ABC (Fig. 4.) to be diſtinguiſhed in- 
to the Strata EF, GH, IK, &c. Let us alſo 
imagine the Bottom of the Veſſel C to be 
moveable, that is, capable of ſliding up and 
down the narrow Part of the Veſſel, v. g. 
from C to GH, (without letting any of the 
Fluid run out.) Let it further be ſuppoſed 
that this moveable Bottom, is drawn up or let 
down with a given Velocity, while the Veſ. 
\ fel itſelf is fixed and immoveable; it is evi- 
dent the lowermoſt Stratum, which is conti- 
guous to the Bottom, will be raiſed or let 
down with the ſame Velocity, and will there- 
by have a Moment proportionable to that 
Velocity, and the Quantity of Matter it con- 
| tains: But by the Lemma, all the reſt of the 
Strata will have the ſame Moment, conſe- 
_ quently the Moment of all taken together, 
(that is, of the whole Fluid,) is the ſame, as 
if the Veſſel had been no larger in any one 
Part, than it is at the Bottom, (for then the 
Moment of each Stratum would alſo have 
been as great as that of the lowermoſt;) the 
Preſſure therefore, or Action of the Fluid, 
with which it endeavours to force the Bot- 
tom out of its Place, is as the Number of 
Strata, that is, the perpendicular Height of the 
more rapid is the en i d Part; and on the contrary, 
where it is wider and deeper, the Motion of the Water is more 


gentle and languid. So that the Moment, with which it flows, 
is the ſame in every Part. 5 
Fluid, 
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Chap. 1. among themſelves 1 
Fluid, and the Magnitude of the lowermoſt 
Stratum, that is, the Bottom. 

Again, ſuppoſe the Veſſel ABC (Fig. 6.) 
fill'd with a Fluid to D; I ſay the Preſſure up- 
on the Bottom BC, is proportionable to the 
W Dimenſions of the Bottom, and to DE the 
perpendicular Height of the Fluic. 

For, if we ſuppoſe the Bottom moveable, 

| as before, and raiſed up or let down with a 
given Velocity, the Moment of every Stratum 
will be the ſame with that of the lowermoſt, 

3 by the Lemma; therefore the Moment of all 
W taken together, is the fame, as if the Veſſel 
bad been no leſs in any one Part, than it is at 
che Bottom; conſequently the Preſſure is pro- 
portionable to the perpendicular Height, and 
dhe Magnitude of the Bottom. This Caſe is 
the Converſe of the former *. 

= From: 


Upon this is founded the Practice of conveying Water 


bbrough Pipes from Place to Place, Hg. For from hence it fol- 


lows, . that if one End of a Pipe is laid in a Reſervoir of Wa- 
ter, the Fluid will run into the Pipe, till it riſes to a Level at. 
the other End with its Surface in the Reſervoir. Thus let 
AB C. (Fig. 8.) repreſent a Reſervoir or Baſon of Water, DGE 
a Pipe laid from thence to E. If E. the End of the Pipe is pla- 
ced above the Line AB F, the Level of the Water in the Reſer- 
= voir, the Water will run into the Pipe, till it riſes in the 
other End to F the Level with AB; at which Time the Water 


in the Pipe will be in Æquilibrio with that in the Reſervoir, 


and remain at Reſt. But if the End of the Pipe is below the 
Sur face of the Water in the Reſervoir, it will continue to run 
out, till they are reduced to a Level. For, let G H be the low- 
eſt Part of the Pipe, then ſince F the perpendicular Height of 
| the Fluid on one Side, is equal to B the perpendicular Height 
of. the Fluid on the other, and G H, which (being the * 

5 „ WRESP 


18. The Ackion of Fluids Part Il, 
From hence it follows, that, if a Veſſel j; 
made of ſuch a Form, as is fepreſented (Fig. 7.) 

by ABCDEFG, and filled with a Fluid t 

the Height C, the Weight which the Bottom 

ſuſtains, is as great as it would be, had the Veſ. 
ſe] been IKFG (which is every where of the 
ſame Dimenſions, that the other is of at the 

Bottom) and filled to the Top IK. Becauſe 

the Preſſure, by the Propoſition, is proportion. 

able to the Bottom and perpendicular Height, 
which in both Caſes are the ſame *. 


X. The 


where the Fluids preſs one againſt another) may be conſiderd 
as a Baſe to both, is common; it follows from this Propoſition, 
that the Preſſures on each Side are exactly equal; and therefor: 
being in contrary Directions will neceſſarily deſtroy each other, 
and the Fluid will remain in ZAquilibrio, But while the End 
E is below the Level, this Equilibrium cannot be obtained; 
and therefore the Fluid will continue to run out. 

For the ſame Reaſon, when two or more Tubes communicate 
with each other, the Surface of the Fluid they contain will ſtand 
at the ſame Level in al. nth 

The Reaſon why the Veſſel ABCDEEFG, within the Fluid 
contained in it, does not weigh ſo much, as the Veſſel IK FG, 
when full to the ſame Height, notwithſtanding the Preſſure up- 
on the Bottom is the ſame in both, 1s, becauſe ABDE the up- 
per Part, or Cover of the former Veſſel, is preſſed upwards by 
the Fluid below it, with a Force equal to the Endeavour the 
Fluid in the ſmall Tube BCD has to deſcend. Which Endea- 
vour is the ſame that it would be, if the Tube B CD compre- 
hended alſo the two Spaces ICB A and CK ED, its Moment 
being the ſame in both Caſes by the Demonſtration ; the Cover 
therefore is prefſed upwards with a Force equal to the Weight 
of as much Fluid as would fill the two Spaces ICB A and 
CKED ; conſequently the Veſſel, whoſe Form is ABCDEFG, 
is ſo much lighter than the other, that is, as much as the Fluid 
it contains is leſs, | 


From 
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X. The Velocity with which a Fluid ſpouts 
out at an Hole in the Bottom of a Veſſel, is 
equal to that which a Body would acquire by 
falling freely from the Level of the Surface of 
the Fluid to the Hole. SEM Th 

Let there be a large cylindrical Tube 
ABCD (Fig. g.) in the upper Part of which 
let us imagine a Cylinder of Ice F GHI ex- 
actly fitting it; let it further be ſuppoſed, that 
HI, the lower Surface of the Ice, is continually 
melting, ſo as to afford a Stream of Water 
running down the Middle of the Tube. Now ]¾· 
the Form of this Stream of Water will ne- 
ceſſarily be ſuch as is repreſented in the Fi- 
gure by HL 1; for the Water falling freely, 
will deſcend faſter and faſter like other Bodies, 
cauſing- thereby the Stream to become nar- 
rower and narrower. Now let it be ſuppoſed 
that the Tube has a Bottom, as CD, with 
an Hole in it at K, juſt ſufficient to let the 
Stream paſs freely; it is evident there will be 
no Obſtruction on this Account, but that the 


From hence ariſes this Paradox, that the leaſt Quantity of 
+ may be made to raiſe any Weight, how great ſoever it 
e. | 
For ſince the Cover AB D E is preſſed upwards with a Force 
equal to the Weight of as much Fluid, as would fill the two 
Spaces ICBA and CKED, and thoſe Spaces may be enlarged 
at Pleaſure in Height, by lengthening the Tube BCD (which 
at the ſame Time muſt be — proportionably ſmaller, other- 
wiſe the ſame Quantity of Fluid will not fill it;) it follows 
that the ſame Quantity of Fluid may be made to preſs the Co- 
ver upwards with a given Force; if that Cover then is made 
moveable, any Weight that is laid upon it may be ſupported 


thereby, | 
I Fluid 


every Direction (F. 6.) and therefore will be no 


Laſtly, let us ſuppoſe the Ice taken away, and 


running out. The Velocity, therefore, with 


Velocity will be the ſame on Account of that 


artificial Fountains. For if to a Veſſel or Reſervoir ABC 


20 The Action of Fluids Part 11, 
Fluid will paſs through the Hole with ſuch Ve. 


| locity, as it naturally acquires by falling from 


H 1, the lower Surface of the Ice. And if we 


| ſuppoſe M and N, the empty Parts of the 


Tube, to be filled with Water, the Water will 
preſs equally upon the Sides: of the Stream in 


Impediment to its Motion on that Account, 


the Stream ſupplied from the Water at the Sides, 
as is the Caſe when a Fluid runs out through 
the Bottom of a Veſſel; then will the Velocity, 
with which the Water flows through the Hole, 
continue the ſame; for ſo far as the Water com- 
ing from the Sides, endeavours to deſcend itſelf, 
ſo far it obſtructs the Deſcent of the Stream, 
and no farther; and conſequently cauſes no Al- 
teration in the Velocity or Quantity of Fluid 


which the Fluid paſſes through the Hole, is 
equal to that, which a Body would acquire by 
falling freely from the Level of the Surface of 
the Fluid to that Place. 


If the Hole is made in the Side of the Veſſel 
at the ſame Diſtance below the Surface, the 


equal Tendency Fluids have to move every 
Way alike *. 
6 | XI. The 


* Upon- this Principle is founded the Practice of makin 


(Fig. 10.) filled with a Fluid to the Height E F, be _— 
| — Pipe 
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XI. The Velocity with which a Fluid ſpouts 
out from the Bottom or Side of a Veſlel, is as 
the Square Root of the Height of its Surface 


above the Hole. 


The Cauſe why a Fluid ſpouts out through 
an Hole made in the Bottom or Side of a Veſ- 
ſel, is the Preſſure or Weight of the Fluid in- 
cumbent upon the Hole; from whence it 
ſhould ſeem, that the Velocity ought to be 
as the Preſſure; but if ſo, then -the Quantity 


Pipe CH, with a ſmall Aperture at K, the Fluid will ſpout up 
from thence to FL, the Level of the Surface of the Fluid in 
the Veſſel. For, by this Propoſition, it will ſpout from K with 


ſuch a Velocity, as a Body would acquire by falling from FL, 


the Level of the Surface, to the Aperture at K; that is, ſuch as 
will carry it from the Aperture to the Level; becauſe that Ve- 
locity which a Body acquires by falling from a certain Height, 
is ſufficient to carry it back to the ſame Height from whence 


it fell. 


But in Practice the Height the Fluid riſes to, is leſs than that 
of the Level of its Surface in the Reſervoir: This is owing to the 


Reſiſtance it meets with from the Air, its Friction againſt the 


Sides of the Pipe, c. It is found impoſſible to make it much 


exceed the Height of an hundred Feet: For, when it ſpouts 


out of the Aperture with a Velocity neceſſary to carry it higher, 
the Stream is immediately daſhed to Pieces by the Reſiſtance 


of the Air; whereby it loſes its Force, and is prevented from 


riſing to any conſiderable Height. 

* This Propoſition may be otherwiſe demonſtrated from the 
laſt, in the following Manner: For, ſince the Velocity with 
which a Fluid ſpouts out through an Hole in the Bottom cr 
Side of a Veſſel, is equal to that which a Body would acquire 
by falling from the Level of the Surface of the Fluid to the 
Hole, and the Velocities Bodies acquire by falling, are as the 


Square Roots of the Heights they fall from (Part I. Chap. 5. 


F. 5.) it follows, that the Velocity with which a Fluid ſpouts 
out from an Hole in the Bottom or Side of a Veſſel, is as the 
Square Root of the Height of the Level of the Surface of the 
Fluid above the Hole. 


1 2 5 run 


” 
— 


N 
j 
{ 
13 7 
k * 
[1 
Y 
f . 
FF 20 
q 
$ij 
ol 
136 
', 
4 
5 e 
. 4 ; N 
1 
» 
* 
1 
k. 
7 1 
1 
| 
74 
's 
4 
' 
i” 
1 
1 


* 
* 
— — > — 
— ES ene SES n 


— —— * 


* — - Po 
— ——— ů —— 
OL — — — 
r 
F RG ARES k nds, 
> . * 


* PO. dos 
— ES — 
0 R —— . er 
— EAN 
— 2 WT. 
2 


- * = _— CEE — 
0 8 IRC 
- | - — 2 = 1 6 
2 EO ns 25 LA ou > = ove nl 
*. Ln Xe." if p bo 


- 
7 
« mr 
oe a — 


— "ES 222 2 
Leng 5 wee 2 — 2 — 
2 — — r . 
n . 2 
1 * 1 


— 


— 
I a2 30-48 
— 


—H 
—yy— — _— 
Se» 
W 
anion” 4 ow 
FRO - 6, 
07 17, — 


: 2 _ — 7 

2 2 PEAS ITS ms, et Eo OB 2 . CER 

> — —ͤ 3 8 * n 

1 5 F 4 > 
* +. A- a 2 4 
. —— on. 2 
0 e R » * — ——— 
— 2 OS \ Pri ee Ad 8 is 
. = 28 l bh ; ä "pa _ 


— FR ———— — —— 
So” A * * A — " 4 


- ” — — RN = 
— * \ oe — or 6 
—— I — 2 * 
* I 2 88 e A 6 - 2 
a ” as + 7 


< 
* 
N _—_ — ** e ” > * 
Wd » — 
* — * = a7 4 „ = 5 5 
1 * * * by _ * * * SY 3 oy 2 hd v4 4 "Nets 
. 8 ME» . 4 3 = 7 W 
— 3 4 * 8 
_— - 4 . > 
4 . N - - 4 * 1 A * 
l 5 © FX 5 hou — = * 2 - 8 w—— — — 
— — — — 22 pe XI C oy ——_—_ =, — 
— AED FT - == 22 2 2 —— 7 — —— — — — tas 
— 6 - — 124 
Ms retro 


—— I: 


ODT In — — 
— 


Ee ————— 


5 n_ 5 


. — 2 4 — - 7 4 

h p l — IG rr 1 88 r _— _ r 

— — Se” ad ³·¹—ꝛmaA T — IP 
— — > 1 wo y 8 £ p 2 < l LI 5 8 bo. 
* . e : — 8 5 * 8 =. + - — 3 — — 

X 8 * — —— — — 3 ITS — 1 2 2 ga TE — * 

4 tes - A Q 4 > — 2 5 — FOE = — x 

I —- - It * Ny" * 8 — PE EST X ä — — 
© — — — ; - re * og.” "of 5 


* * S 
1 


—. 
n — 


22 The Action of Fluids Part II. 

run out would alſo be as the Preſſure (for, the 
faſter the Liquor flows, the greater is the Quan. 
tity thrown out in a given Time, and vic 
versd) conſequently, upon this Suppoſition we 
ſhould have two Effects, each depending on 
the ſame Cauſe and equal to it, which is ab- 
ſurd. Tis not then the Quantity of Fluid run 
out, nor the Velocity with which it flows, but 
its Moment, or both theſe multiplied together, 
{Part I. Ch. 9. F. 1.) that is the true and ade- 
quate Effect 2 the Preſſure. Now theſe be- 
ing ever in the ſame Ratio with each other, tis 
neceſſary, in order that the Effect may be pro- 
portionable to its Cauſe, that each of them be 
only as the ſquare Root of the Preſſure: For 
then, being multiplied together, their Product, 

or the Moment of the ſpouting Fluid, is ade- 
quately as the Preſſure which occaſions it; but 
the Preſſure is as the perpendicular Height 
(F- 4.) therefore the Velocity, and alſo the 
Quantity of Fluid ſpouting out, is only as the 
ſquare Root of the Height of its Surface above 
the Hole. 

To give an Inſtance or two: Suppoſe two 
Holes made in the Side of a Veſſel, the one an 
Inch below the Surface of the Fluid it contains, 
the other four Inches ; the Velocity with which 
the Liquor flows out of the lower Hole, will 
not be four Times as great, as that with which 

it flows through the upper, notwithſtanding 
the Preſſute is four Times greater: For if it 
Mould, the Quantity run out in a given Time 
would 
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would alſo be four Times greater, conſequently 
the Effect produced would be ſixteen Times 
greater than it is at the upper Hole, that is, four 
Times greater than the Cauſe; which is ab- 
ſurd. Whereas the Velocity and Quantity of 
Matter will each be only twice as great as they 
are above, adam, thereby a Force or Mo- 
ment only four Times as great, which 1s pro- 
portionable to the Cauſe. So, if an Hole were 
made ſixteen Times lower than the firſt, the 
Velocity and Quantity of Matter will not be 
each ſixteen Times greater than at the other, 
but only four Times greater a-piece, and ſo the 
Moment ſixteen Times greater, as the Preſſure 


is T. 
XII. When 


+ From hence we may ſee the Error ſame of the foreign 
Mathematicians have fallen into, with Regard to the Forces 
of moving Bodies, who contend that they are as the Squares 
of the Velocities multiphed by the Quantities of Matter. 
For, from this Propoſition it is, that one of the principal Ar- 
guments brought in Favour of this Opinion is derived. They 
argue thus: Efe&s are ever proportionable to their Canes, 
the Pre/ure of the incumbent Fluid is the Cazſe of its ſpout- 
ing out, the Force with which it ſpouts out, is the Eyect; 
but by this Propoſition the Preſre is as the Sqzare of the 
Velocity it flows with, therefore the Force is likewiſe as the 
Square of the Velocity. True, it is fo, but let us ſee the Con- 
ſequence. The Force, with which the Fluid fpouts out, is 
not only owing to the Velocity, but alſo to the Quantity run out 
in a given Time. They have each their Share in producing 
the Force, confequently the Force is in a Ratio compound- 
ed of both, or as the Product of one multiplied by the 
other, or, which comes to the ſame Thing (fince as was 
obſerved before, they are in the ſame Ratio with each other) 


as the Square of either of them. From hence it is that the 


Forces of Fluids in Motion are faid to be as the Squares 
of their Velocities; not that they are ſo in Virtue of thoſe 
1 3 Velocitics 
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24 The Action of Fluids Part II. 
XII. When a Current of Water, or other 
Fluid, falls perpendicularly upon the Surface of 
a Plane, or flows againſt it (as the Wind againſt 
the Sail of a Ship, or the like) the Force which 
the Fluid exerts upon it, is equal to the Weight 
of a Column of the ſame Fluid, whoſe Baſe is 
equal to the Plane, and its Height ſuch, that a 
Body falling freely through it, would acquire a 
Degree of Velocity equal to that with which 
the Fluid moves *. 5 3 
In order to demonſtrate this Propoſition, 
let us ſuppoſe the Veſſel AB CD (Fig. 11.) 
filled with a Fluid, and having a large Hole 
E F in the Bottom, then will the Preſſure of 
the Fluid cauſe a Stream to flow out, which 
in the Hole itſelf will have ſuch a Degree 
of Velocity, as a Body would acquire by fall- 
ing freely from the Surface of the Fluid in 
the Veſſel to the Hole (as demonſtrated 5. 10.) 


Velocities, as ſuch, but in Virtue of them, and the Quantities 
of Matter taken together, or becauſe the Squares of the Velo- 
cities is the ſame Thing with the ſimple Velocities multiplied 
by the Quantities of Matter. Therefore when it is ſaid, the 
Forces of Fluids are as the Squares of the Velocities, that Part 
of the Force which ariſes from the Quantity of Matter is really 
taken into Conſideration, How ridiculous then muſt it be in 
thoſe Gentlemen, to fetch an Argument from hence to prove, 
that the Forces of Bodies in Motion are as the Squares of the 
Velocities and Quantities of Matter too, when they are as the 
Squares of the Velocities, only becauſe the Quantities of Mat- 
ter are implied in them. | : | En a 
From this Propoſition is deduced the Method of computing 
the Power of a Machine, which is to be moved by Wind or 
Water, Sc. See an Inſtance of ſuch a Calculation in the Me- 
moirs of the Royal Academy of Sciences for the Year 1725. 


In 


Chap. 1. among themſelves. 25 
In the Midſt of this Hole, and conſequently in 
the Stream, let us ſuppoſe a Plane as PQ tuf- 

ended, but ſomewhat leſs than is ſufficient to 
fill the Hole, let it ſtop the Current of the Wa- 
ter. Now, 'tis certain, this Plane ſupports a 
Column of the Fluid, equal to that which preſſes 
upon any other Part of the Bottom of the Veſſcl 
of equal Dimenſions with itſelf (for being thus 
placed it may: be looked upon as a Part of the 
Bottom) but every Part bears a Column, whoſe 
| Baſe is equal to its own Dimenſions, and its 
Height the ſame with that of the Surface of 
the Fluid in the Veſſel: Conſequently this Plane 
| ſapports ſuch a Column, that is, it is reſiſted by 
the Stream with a Force equal to the Weight of 
a Column, whoſe Baſe has the ſame Dimen- 
ſions with itſelf, and whoſe Height is equal to 


| that of the Surface of the Fluid in the Veſſel; 


that is, ſuch an Height as a Body by falling 


freely from, would acquire a Velocity equal to 


that with which the Fluid moves. 


XIII. The Preſſure of a Fluid againſt a per- 


pendicular Bank or Sluice, Cc. is equal to the 
Weight of a Column of the ſame Fluid, whoſe 
Baſe is equal to ſo much of the Bank as is be- 
low the Surface of the Fluid, and whoſe Height 
is equal to Half the Depth of the Fluid +. 6 


+ From hence we ſee the Reaſon, why the Water of the Sea 


or great Lakes is as eaſily kept within their Banks (ſetting 
aſide the Force which ariſes from the Motion of the Waves, 


14 Se.) 
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26 The Action of Fluids Part II. 


If the Preſſure upon every Part of the Bank, 
from the Surface to the Bottom, was as great 
as it is at the Bottom, the Preſſure againſt it 
would be equal to the Weight of a Column, 

whoſe Baſe is equal to ſo much of the Bank as 
is under the Surface of the Fluid, and which 
has the whole Depth of the Fluid for its Height; 
for the Preſſure upon every Part of the Bank 
at the Bottom is equal to the Weight of a Co- 
lumn, whoſe Baſe correſponds to the Part preſſ- 
ed upon, and whoſe Height is that of the 

Depth of the Fluid; conſequently if the Preſ- 
ſure was the ſame every where from Top to 
Bottom, it would be equal to the Weight of as 
many ſuch Columns as would anſwer to all the 
Parts of the Bank: But the Preſſure every 
where diminiſhes in Proportion as we approach 
the Top, where it is nothing; it is therefore 
but Half + what it would be in the other Cafe; 
from whence the Propoſition i is clear. 


2 c.) as that of the narroweſt Canal, viz. becauſe the Preſſure 
of Fluids is not in Proportion to their Surfaces, but their 
Depths, and the Surfaces they preſs againſt. 

+ Becauſe the Sum of a Number of Terms 1 in Arithmetical 
Progreſſion, beginning from Nothing, 1s Half the Sum of an 


equal Number of Terms, each of which is equal to the laſt 1 in 
the — | 
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Chap. 2. upon Solids. 27 


UCHAF. . 
0 f the Effects Fluids have bn Solids 


immerſed therein, 


I. HE Specific Gravity of a Body is that 


üggter, than another of a different Kind: Thus 
Lead is ſaid to be ſpecifically heavier than 
| Cork; becauſe ſuppoſing an equal Bulk of each, 

the one would be heavier than the other. From 
= hence it follows, that a Body, ſpecifically hea- 
vier than another, is alſo more denſe, that is, 


ſame Bulk, becauſe Bodies weigh in Proportion 
tothe Quantities of Matter they contain (Part]. 
| Chap. 3. F. 7.) 
II. if a Solid be immerſed in a \ Fluid of the 


ſuſpended therein, in whatever Part of the 
Fluid it 1s put. 


Let the Body F G HI (Fig. 12.) be im- 


in the ſame Part of the Fluid, when left to it- 

elf, without either riſing towards the Surface, 

or ſinking towards the Bottom. 

For, the Body being (by the Suppoſition) of 

| equal Gravity with + Fluid, the Weight of 
the Column K LHI, which conſiſts partly of 


F luid, 


by which it is ſaid to be heavier, or 


contains a greater Quantity of Matter under the 


fame ſpecific Gravity with itſelf, it will remain 


merſed in the Fluid ABCD to the Depth MN, 
or any other whatever; I ſay, it will continue 
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28 The Aclion of Fluids Part II. 
Fluid, and partly of the Body, is the ſame ag 
if it had been all Fluid; conſequently HI, that 
Part of the Surface of the Stratum MN, which 
lies immediately under the Body, is preſſed with 
the fame Degree of Force, that any other Part 
of the ſame Dimenſions is, and therefore the 
whole Column K L HI will be ſupported in its 
Place. Now, the fame being true of the Co- 
lumn KL HI, whatever be its Length, tis 
evident the Body wall be ſuſpended 1 in its Place 
at any Depth. 

III. But if the Body is ſpecifically heavier 
than the Fluid in which it is immerſed, it will 
ſubſide to the Bottom: For then, in whatever 
Part of the Fluid it is put, the Column KLHI 
will always be heavier than an equal Column, 
that conſiſts all of Fluid; conſequently HI, 
that Part of the Stratum MN, which lies im- 
mediately under the Body, will ſuffer a greater 

Preſſure than any other Part of the ſame Di- 
menſions; and therefore will give way, and 


permit the Body to ſubſide continually, till it 


reaches the Bottom. 


IV. On the contrary, if the Body 1 18 "TY 


ically lighter than the Fluid, it will riſe to 
the Top, in what Part of the Fluid ſoever it 
is put. For then, the Column KLHI will 
always be lighter than an equal Column 
which is all Fluid; conſequently H I will be 
leſs preſſed downwards, than any other Part 
of the ſame Stratum of equal Dimenſions, - 
WI 
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will therefore continually riſe up, carrying the 
Body with it, till it arrives at the Top. 
V. A Body, being laid on the Surface of a 
Fluid ſpecifically heavier than itſelf, ſinks into 
it, till the immerſed Part takes up the Place of 
| a Quantity of Fluid, whoſe Weight is equal to 
that of the whole Body. 
Let EFGH (Fig. 13.) be a Body, floating 
on a Liquor ſpecifically heavier than itſelf, it 
| will fink into it, till the immerſed Part IKG, 
| takes up the Place of fo much Fluid as is equal 
to it in Weight. For, in that Caſe, GH, that 
Part of the Surface of the Stratum upon which 
the Body reſts, is preſſed with the ſame Degree 
of Force, as it would be, was the Space IKGH 
full of the Fluid ; that is, all the Parts of that 
Stratum are preſſed alike, and therefore the 
Body, after having ſunk ſo far into the Fluid, 
: in Ægquilibro with it, and will remain at 
eſt. | 
From hence it follows, that a Body is as 
much ſpecifically lighter than the Fluid on 
which it floats, as the immerſed Part is leſs 
than the Whole. For, by how much the leſs 
the immerſed Part is, ſo much the leſs Fluid 
is equal in Weight to the whole Body; that 
is, the Body is ſo much the lighter in Reſpect 
of the Fluid. And, if the ſame Body be made 
to float ſucceſſively in Fluids, whoſe ſpecific 
Gravities differ among themſelves (but all ex- 
ceed that of the Body) the lighter the Fluids 
| : ; are 


30 The Action of Fluids Part Il. 
are, ſo much greater will be the Part im- 
merſed . 

VI. A Body, ſuſpended in a Fluid ſpecif- 
cally lighter than itſelf, loſes a Part of its 
Weight (or rather communicates it to the Flu- 
id) equal to that of a Quantity of Fluid of the 
tame Bulk. 

Let us, inſtead of ſuppoſing the Body ſuſ- 
pended in the Fluid, imagine it to be away, and 
its Place filled with the Fluid; now tis evi- 
dent, this being of the fame ſpecific Gravity 
with the circumjacent Fluid, will be entirely 
fupported by it, or, if we ſuppoſe the Body to 
be of the ſame ſpecific Gravity with the Fluid, 
it will be wholly ſuſpended by it; we ſee there- 
fore the Preſſure of the circumambient Fluid, 
whereby it endeavours to buoy up the Body, is 
equivalent to the Weight of fo much Fluid as 
would fill the Place the Body takes up. But, 
fince the Fluid preſſes only on the Surface of 
the Body, that Preſſure is the ſame, whatever 

be the ſpecific Gravity of the Body; the Body 
therefore loſes fo much of its Weight, as the 
Fluid would naturally buoy up; that is, fo 
much as is the Weight of a Quantity of Fluid 
of the ſame Bulk. 


+ This Phænomenon is what gave Riſe to the Hydrometer, 
an Inſtrument of great Uſe in aſcertaining the Genuineneſs of 
Liquors ; for it rarely happens, that the adulterated and the 

genuine Liquor (however they may agree in Arne are 
of the ſame ſpecific Gravity. | 
This 
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This Propoſition affords us a Method of de- 
termining the Relation which the ſpecific Gra- 
vities of Bodies, whether Fluid or Solid, bear 
to each other. For whereas by weighing a 
Solid in a Fluid ſpecifically lighter than itſelf, 
we find the abſolute Weight of a Quantity of 
the Fluid equal to it in Bulk (vi. the Weight 
the Solid loſes) the Relation that Weight bears 
to the Weight of the Solid, is the Relation of 
their ſpecific Gravities; becauſe the Weights of 
Bodies, whoſe Bulks are equal, are as their ſpe- 
cific Gravities: Conſequently, if the ſame Solid 
is weighed ſucceſſively in different Fluids, (all 
lighter than itſelf) we gain the Relation which 
the ſpecific Gravity of each bears to that of the 
Solid, and therefore to one another. Again, 
if different Solids are weighed in the ſame Flu- 
id, the Relation which the ſpecific Gravity 
of that Fluid bears to each Solid, is had, and 
therefore alſo the ſpecific Gravities of the Solids 
among themſelves . 5 


CHAEF. 


+ Upon this is founded the Uſe of the Hydroſtatical Ba- 
lance for determining the ſpecific Gravities both of Solids and 
Fluids, The Practice is thus: Firſt, let the Solid be weighed 
in Air, that is, out of the Fluid; afterwards in it (this ought 
to be done by ſuſpending it at one End of the Balance by a 

String, that is as nearly of the ſame ſpecific Gravity with the 
Fluid made uſe of as poſſible, and letting it ſink into the Fluid 
till it is wholly immerſed below the Surface; if the Fluid 
is Water, an Horſe-hair is moſt convenient to hang the Body 
at the End of the Balance by) then ſubtract its Weight in the 
Fluid from its Weight in Air, the Difference is what it loſes in 


the 
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GHAT, Mk 
Of the Air. 


I. HAT Part of Natural Philoſophy 
which treats of the Properties of the 
Air, and the Effects of its Preſſure and Eliſ- 
ticity, is called Pneumatics. 
II. Air is a thin tranſparent elaſtic Fluid, 
ſurrounding the Earth to a certain Height, and, 
taken all together, is called the Atmoſphere. 
III. That Air is a Fluid, is evident from the 
eaſy Paſſage it affords to Bodies moving in it: 
For this ſhews it to be a Body, whoſe Parts 
eaſily yield to a Preſſure that is greater on one 
Side than on the other, which is the Definition 


of a Fluid. 


IV. Air gravitates towards the Earth, or i; 
heavy like other Bodies. e 

To prove this we have Abundance of At- 
guments, both from Senſe and Experiment. 
Thus, when the Hand is applied to the Ori- 


fice of a Veſſel, it readily perceives the Weight 


of the incumbent Atmoſphere, as ſoon as the 


the Fluid. This done, ſay, by the Rule of Proportion, as the 
Weight loft in the Fluid is to its Weight in Air, ſo is Unity, or 


any Number taken at Pleaſure, to a Fourth, which by its Re- 
lation to the former, will expreſs the Relation of ſpecific Gra- 
vity of the Solid to that of the Fluid. Thus, the Relation, 
which the ſpecific Gravity of the ſame Fluid bears to that of 
various Solids, or of the ſame Solid to that of various Fluids, 
and conſequently the Relation of the ſpecific Gravities of all 
among themſelves may he obtained, | 
Air 
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Air included in the Veſſel begins to be drawn 
out. Thus Glaſs Veſſels exhauſted of their 
Air (if not ſtrong enough to ſuſtain the Preſ- 
ſure of the incumbent Atmoſphere) are cruſh- 
ed to Pieces by the Weight of the Air without. 
When the Air is exhauſted out of a Veſlel, the 
Veſſel weighs leſs than before. With a great 
many more Experiments generally mentioned 
by Authors on this Subject . 

V. The exact Weight of the incumbent Air 
is determined by filling a Tube with Mercury, 
and immerging the open End in a Veſſel of the 
fame Fluid: For then the Mercury will run 
down the Tube, till its Surface is fallen to the 
perpendicular Height of about twenty-nine or 
thirty Inches above the Surface of the Mercury 
in the Veſſel, and no further: If the ſame Ex- 

riment is made with Water, the Surface of 
it will ſtand at about the Height of thirty-twa 
Feet above the Surface of that in the Veſſel; 
the Column of Mercury in one Caſe, and the 
Column of Water in the other, exactly ba- 
lancing the Weight of a Column of Air, which 
reaches to the Top of the Atmoſphere, and 
preſſes upon the Surface of the Fluid in the Veſ- 
ſels. This is what is called the Torricellian Ex- 
periment, from ToRRICELLI the Inventor, and 
is the ſame with the common Barometer. 


+ See Boyle's Trakts, or Grave/ande, Lib. II. P. III. 


From 


34 Of the Air. Part II. 
From hence it follows (Chap. I. F. 9.) 
that all Bodies, at the Surface of the Earth, 
ſuſtain as great a Weight from the Preſſure 
of the Air, as is that of a Column of Water, 
whoſe Height is thirty-two Feet, and its Baſe 
equal to the Surface of the Body preſſed 
upon . e N 

VI. That the Suſpenſion of the Mercury in 
the Barometer depends on the Preſſure of the 
external Air, is beyond all doubt; for if the 
Barometer is included in the Air-Pump, the 
Mercury falls in the Tube, in Proportion as 
the Air is exhauſted out of the Receiver ; and 
if the Air is let in again gradually, the Mer- 
cury reaſcends proportionably, till it reaches it; 
former Height.- : 

VII. That the Atmoſphere is extended to 
a determined Height, appears from hence; 
vin. that when the Torricellian Tube is re- 
moved to a more elevated Place, the ſuſpend- 
ed Column of Mercury becomes ſhorter ; 
which is, becauſe a ſhorter Column of Air 


+ The Preſſure of the Atmoſphere upon every ſquare Inch, 
near the Surface of the Earth, is about fifteen Pounds, being 
equal to the Weight of a Column of Mercury, whoſe Height 
is thirty Inches, and its Baſe one ſquare Inch: For ſuch a Co- 
lumn of Mercury would weigh about fifteen Pounds. The 
Weight of the Atmoſphere therefore, which preſſes upon a Man's 
Body, is equal to ſo many Times fifteen Pounds, as the Surface 
of his Body contains ſquare Inches. 1 

The Reaſon why a Perſon ſuffers no Inconvenience from fo 
great a Preſſure, is owing to the Air included within the Pores 
and Fluids of the Body, which by its Reaction is a Counter- 
poiſe to the Preſſure of the external Air. 


preſſes 
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preſſes upon it; or, that the Tube, in this 
Situation, is nearer the Top of the Atmo- 


ſphere. 

VIII. The Elaſticity of the Air is that Pro- 
perty by which it ire itſelf into leſs 
Space, when an additional Preſſure is laid upon 
it; and recovers its former Dimenſions, when 


the Preſſure is taken off. This is accounted its 


diſtinguiſhing Property, all the reſt being com- 
mon to it with other Fluids. 

Of this we have numerous Proofs. Thus, 
a Bladder full of Air being compreſſed by the 


Hand, the included Air gives way; but when 


the Preſſure is taken off, the Air expands itſelf, 
and readily fills up the Cavity, or Impreſſion 
made in the Surface of the Bladder. And, if 
a larger Quantity of Air, than is naturally 
preſſed into a Veſſel by the Weight of the in- 
cumbent Atmoſphere, is forced into it by the 
Congenſer (an Engine for that Purpoſe) and if 
that Air is afterwards let out by opening the 
Veſſel, the Remainder is found to be of the 
ſame Weight as at firſt; from whence it fol- 
lows, that the Air, by means of its Elaſticity or 
Spring, drives out all that which was forced in 
by the Condenſer, recovers its former Dimen- 
ſions, and fills the Veſſel as before. 

IX. From hence, together with what has 
been obſerved about the Preſſure of the At- 
moſphere, it follows, that the Air near the 
Surface of the Earth, is compreſſed into a 


much narrower Space by the Weight of the 
K 


Air 
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36 Of the Air. Part II. 
Air above, than that which it would naturally 
take up, was it free from that Preſſure ; ac. 
cordingly it is found by Experiment, that, 
when the Preſſure of the Atmoſphere is taken 
off from any Portion of the Air, it Immediately 
expands itſelf into a vaſt Extent. Hence it is, 
that thin Glaſs Bubbles or Bladders filled with 
Air, being included in the Receiver of the Air- 
Pump, are broke in Pieces by the Spring of 
the Air, which they contain within them, when 
the Preſſure of the external Air is taken off. 
Thus, a Bladder quite flaccid, containing only 
a ſmall Quantity of Air in it, ſwells upon the 
ee of the external Air, and appears diſ- 
2 as if it contained as great a Quantity 

as pofſible. The ſame Effect is found in car- 
Tying a Bladder ſomewhat flaccid to a more 
elevated Place; for there the external Preſſure 
being leſs, the Air included in the Bladder is in 
ſome Meaſure free from the Preſſure of the At- 
mophere; it therefore dilates itſelf, and diſtends 
the Bladder as in the former Caſe. 

X. It is found by Experiment, that the 
Quantity of Space into which Air may be 
contracted by Preſſure, is reciprocally propor- 
tionable to the compreſſing Force. From 
whence it follows, that the Denſity of the Air 
18 proportionable to the Preſſure which it ſuſ- 
tains; becauſe the leſs the Space is, into which 
a given Quantity of it is contracted, the den- 
fer it is. As to the utmoſt Degree of Expan- 

ſion 
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ſion and Contraction, which the Air is capable 
of, they are as yet unknown. In ſeveral Ex- 
eriments made by Mr. BOL E, Air in its na- 
tural State, that is, preſſed only with the Weight 
of the incumbent Atmoſphere, dilated itſelf, 
when that Preſſure was taken off, into more 
than thirteen thouſand Times the Space it 
took up before. And, he was able ſo far to 
compreſs it, that it ſhould take up more than 
five hundred and twenty thouſand Times leſs 
= Space than that, into which it would dilate 
itſelf, when free from its Preſſure +. 
XI. From this Property it follows, that 
the Air in the inferior Parts of the Atmo- 
ſphere is more denſe than that, which is at 
great Heights in the ſame; or, that the Den- 
fity of the Air decreaſes continually, as we 
approach the Top of the Atmoiphere. For the 
Denſity of the Air is proportionable to the Force 


+ See Beyle's Tracts and Experiments on the Spring and 
Preſſure of the Air. . | 

Various have been the Opinions of Philoſophers concerning 
the Cauſe of this prodigious Sp ring in the Particles of Air; ſome 
holding it to depend on their Figure, which they ſuppoſe to re- 
ſemble in ſome Manner little Bundles of Twigs, or the Branches 
of Trees; ſome think them lige Fleeces of Wool, others con- 
ceive them as rolled up like Hoops, or tac Springs of Watches, 
and endeavouring to expand themſelves by Virtue of their 
Texture. But Sir /aac Newton is of Opinion, that ſuch a 
Texture is by no Means ſufficient to acconnt for that vaſt Power 
of Expanſion obſerved above; but that each Particle is endued 
with a repelling Force which increaſes us they approach one 
another, and accordingly keeps chem afunder at Diſtances re- 
ciprocally proportionable to the Preſcure they ſuſtain, 

See Hales's Statical Eſſays, Vol. I. Chap. 6. 


K 2 With 
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with which it is compreſſed, and that Force 
continually decreaſes, as we approach the Top. 
Was the Denſity of the Atmoſphere every 
where the ſame as it is near the Surface of the 
Earth, its Height (as 1s computed from the 
Quantity of Preſſure it exerts in raiſing the 
Mercury in the Barometer) would be about five 
Miles. But whereas its Denſity continually de- 
creaſes, as we approach the Top, and it is un- 
certain how far the Particles may expand them. 
ſelves, where there is little or no Preſſure, the 
true Height cannot be obtained. It is com- 
puted to continue of a ſenſible Denſity to the 

Height of about forty-five, or fifty Miles. 
XII. The Elaſticity of the Air produces the 
fame Effects with its Preſſure. : 
| For, Action being equal to Reaction, the 
Force, which the Spring of the Air exerts in 
endeavouring to expand itſelf, is equal to the 
Force with which it is compreſſed; juſt as it 
is in the Spring of a Watch, which exerts no 
Force, but in Proportion as it is wound up; 
conſequently a Quantity of Air in ſuch a' State 
of Contraction, as it would be compreſſed in- 
to by the Weight of the incumbent Atmo- 
ſphere, exerts a Force equal to that Weight. 
If a Quantity of Air therefore is included in a 
Veſſel, and is of the ſame Denſity with the 
circumambient Air, its Preſſure againſt the 
Sides of the Veſſel is equal to the Weight of 
the Atmoſphere. Thus, Mercury is ſuſtained 
to the ſame Height by the elaſtic Force of Air 
= included 
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included in a Glaſs Veſſel, no Way communi- 


cating with the external Air, as by the Weight 
of the Atmoſphere itſelf. 


XIII. The Elaſticity of the Air is augment- 
ed by Heat, and diminiſhed by Cold *. For if 


a Bladder, which is about half filled with Air, 
is laid before the Fire, it will, when it is ſuffi- 
ciently heated, be diſtended and burſt. Thus, 
Glaſs Bubbles being laid upon the Fire, imme- 


diately burft with great Violence by the aug- 


mented Spring of the included Air. 
XIV. The Denſity of the Air thus conti- 


nually varying, according to the different De- 


grees of Heat and Cold to which it is expoſed, 
makes it difficult to aſcertain its true ſpecific 
Gravity. RiccioLvus eſtimates it to be to that 
of Water, as one to a thouſand: MERsENNUS, 
as one to one thouſand three hundred: Mr. 


* This Property is found in all Bodies both ſolid and fluid, 
but in a much leſs Degree, than it is in Air. Thus, if a Flaſk 
be filled with Water, only to the lower Part of the Neck, and 
is then ſet upon the Fire; the Water, when it begins to grow 
warm, will riſe into the Neck, and continue to aſcend, as the 
Heat is increaſed. And when a Wire or Bar of Iron 1s heated, 
it is augmented both in Length and Diameter. | 

Upon this Property 33 the Phænomena of the Ther- 
mometer, which is a Glaſs Bubble with a ſmall hollow Stem 


ariſing from it. This Bubble and Part of the Stem is uſually 


filled with Mercury, or Spirit of Wine, which will riſe or fall 
in the Stem, as they are affected by the Heat or Cold of the ex- 
ternal Air. If a ſufficient Degree of Heat is ſuddenly applied 


to this Inftrument, the Liquor is obſerved to deſcend a little 


before it riſes, becauſe the Glaſs diſtending itſelf, the Capacity 
of the Bubble is augmented, before the included Liquor is at- 
feed by the Heat. | | 
= 1 BovLE, 
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BO VITE, by more accurate Experiments, found 
it to be, as one to nine hundred and thirty. 
eight; and thinks, that all Things conſider'd, 
the Proportion of one to a thouſand may be 
taken as a Medium ; for there is no fixing any 
preciſe Proportion, bacuule not only the ſpeci. 
fic Gravity of Air, but that of Water alſo, is 
continually varying. However, by ſome Ex- 
periments made ſince with more Accuracy 
before the Royal Society, the Proportion has 
been fixed at about one to eight hundred and 
eighty. 

XV. Air is neceſſary for the Profereation of 
Animal and Vegetable Life : neither will Fire 
ſubſiſt without it. The Reaſon of this is as 
yet unknown to Philoſophers. Mr. HAL Es, 
by ſeveral curious Experiments 1 in his Statical 


Eſſays, makes it probable, that tis owing to its 
Elaſticity . 


C H A P. IV. 
Of the Reſßſlance of Fluids. 


HE Reſiſtance a Body meets with in 
moving through a Fluid, is of three 
Kinds. The firſt ariſes from the Friction of 


the Body againſt the Particles of the Fluid; 
the ſecond from their Coheſion or Tenacity 


4 See his Leaf of it. Statical Enn, Vol. I. Chap. 6. 
55 : | | among 
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among themſelves ; the third, from their In- 
activity, or the Tendency they have in com- 
mon with other Bodies, to keep the Places 
they poſſeſs. FO (FP | 
The firſt, v:2. that which ariſes from the 
Friction of the Body againſt the Particles of 
the Fluid, is very inconfiderable ; for whatever 
the Weight is, which preſſes the Particles of a 
Fluid together, the Freedom, with which. a 
Body moves through it, is not ſenſibly dimi- 
niſhed thereby; as was obſerved, Chap. I. S. 2. 
in the Notes. - 
The ſecond, or that which ariſes from the 
Tenacity of the Particles of the Fluid, is as 
the Time the Body continues paſſing in it“: 
ne 


* We have a very curious Argument in Confirmation of this, 
and which at the ſame Time illuſtrates the Manner in which a 
Body makes its Way through a tenacious Fluid, by Sir ae 
Newton himſelf, in a Poſtſcript to a Letter in the Puiloſophical 
Tranſactions, Ne 371. It is as follows. Suppoſe Pieces of 
* fine Silk, or the like thin Subſtance, extended in parallel 
Planes, and fixed at ſmall Diſtances from each other. Suppoſe 
then a Globe to ſtrike perpendicularly againſt the Middle of 
the outermoſt of the Silks, and by breaking through them to 
loſe Part of its Motion. If the Pieces of Silk be of equal 
Strength, the ſame Degree of Force will be required to break 
each of them; but the Time, in which each Piece of Silk re- 
ſiſts, will be ſo much ſhorter as the Globe is ſwifter; and the 
Loſs of Motion in the Globe conſequent upon its breaking 
through each Silk, and ſurmounting the Reſiſtance thereof, 
will be proportional to the Time in which the Silk oppoſes it- 
ſelf to the Globe's Motion; inſomuch that the Globe by the 
Reſiſtance of any ore Piece cf Silk, will loſe ſo much leſs of 
its Motion as it is ſwifter, But on the other Hand, by how 
much ſwifter the Globe moves, ſo many more of the Silks it 
will break through in a given Space of Time; pacace the 

R 4 | Number 
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Thus, ſuppoſe a Body continues to move 
within a Fluid for the Space of one Hour ; if 
its Motion be very quick during that Time, it 
then moves a great Way in that Fluid, and 
conſequently meets with a great deal of the 
Fluid to reſiſt it; but is reſiſted the leſs in 
each Part thereof in Proportion to the Stay it 
makes there: whereas, if its Motion be flow, 
it then moves but a little Way in that Time, 
but is reſiſted ſo much the longer in each 
Part thereof. So that whether the Body moves 
faſt or ſlow, the Reſiſtance it ſuffers is the 
ſame ; and depends therefore on nothing but 
the Time we ſuppoſe it to continue moving 
within the Fluid. This Species of Reſiſtance 
is alſo very ſmall, except in glutinous and 
viſcid Fluids, whoſe Parts are not eaſily ſepa- 
ä 3 


Number of the Silks, which oppoſe themſelves to the Motion 

« of the Globe in a given Time, being reciprocally propor- 
tional to the Effect of each Silk upon the Globe, the Reſiſt- 
© ance made to the Globe by theſe Silks, or the Loſs of Mo- 
tion the Globe undergoes by them in a given Time, will be 
«always the We. 53 5 

Now, if the Tenacity of the Parts of Fluids obſerves the 
 * ſame Rule, as the Coheſion of the Parts of theſe Silks ; name- 
ly, that a certain Degree of Force is required to ſeparate and 
« diſunite the adhering Particles, the Reſiſtance ariſing from the 
* Tenacity of Fluids muſt obſerve the ſame Rule, as the Refiſt- 
* ance of the Silks; and therefore in a given Time, the Loſs 
of Motion a Body undergoes in a Fluid by the Tenacity of 
its Parts, will in all Degrees of Velocity be the ſame; or in 
fewer Words, that Part of the Reſiſtance of Fluids, which 
« ariſes from the Coheſion of their Parts, will be uniform.” 


The 
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The third Species is the principal Reſiſtance, 
that Fluids give to Bodies, and ariſes from 
their Inactivity, or the Tendency the Particles, 
of which they conſiſt, have to continue at Reſt. 


Velocity the Body moves with on a double Ac- 
Particles put into Motion by the moving Body, 


tionable to the Velocity wherewith the, Body 
moves ; and in the next Place, the Velocity 
with which each of them is moved, is alſo pro- 


7 


Species therefore of Reſiſtance is in a duplicate 


with which the Body moves through the 
Fluid &. 


II. Farther, the Reſiſtance a Body moving 
in a Fluid meets with from thence, may be 


then it will be found to be more or leſs, ac- 


by This may be otherwiſe demonſtrated from the twelfth Sec- 
tion of the firſt Chapter; ; for from thence it follows, that the 
Reſiſtance a Fluid gives to a Solid againſt which it moves, is 
proportionable to the Height a Body muſt fall from, to acquire 
ſuch a Degree of Velocity as the Fluid moves with : But the 
Heights Bodies fall from are as the Squares of the Velocities 


they acquire 4 falling; conſequently the Reſiſtance a Fluid 
gives to a Soli 


ther the Fluid moves againſt the Solid, or whether it be at Reſt, 
and the. Solid moves in it; the Reſiſtance therefore which a 


Fluid gives to a Solid moving in it, is as the Square of the 
Y elocity with which it moves. 


cordin g 


The ae of this Reſiſtance depends on the 
count: For, in the firſt Place, the Number of 


in any determinate Space of Time, is propor- 
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portionable to the Velocity of the Body ; this : 


I 
1 
| 
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Proportion, or as the Square of the Velocity, 


confidered with Regard to the Fluid ; and 


8 , againſt which it moves, is alſo as the Square 
= of its Velocity. Now it matters not, as to the Reſiſtance, whe- 
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44 De Reſiftance of Fluids. Part II. 
cording to the Denſity of the Fluid. For by 
how much denſer the Fluid is, ſo much the 
greater Number of Particles are to be put into 
Motion by the Body, in order to make its Way 
through it. 

III. The next Thing to be conſidered, is the 
Effects of the Reſiſtance of Fluids upon Bodies 
moving in them; that is, the Retardation 
which they cauſe in the Motion of a Body by 
their Refillance, or the Quantity of Motion 
they deſtroy. , 

And this, in ſimilar Bodies of equal Magni. 
tudes, is inverſely as then Denfities, or the 
Quantity of Matter they contain : for by how 
much the greater the Quantity of Matter in 
any Body is, ſo much the more eaſily does it 
overcome the Reſiſtance it meets with from the 
Fluid. Thus we ſee the Refiſtance of the Air 
has a much leſs Effect in deſtroying the Mo- 
tion of an heavy Body, than of a light one 
which has the ſame Dimenſions. 

IV. In fimilar Bodies of equal Denſities, 
but different Magnitudes, the Retardation is in- 
verſely as their homologous Sides. For the Re- 
fiſtance Bodies meet with in a Fluid, is inverſely 
as the Quantities of Matter they contain (by 
the laſt) that is inverſely as the Cubes of their 
homologous Sides; and it is alſo directly as 
their Surfaces, becauſe tis by them that they 
move the Fluid out of its Place; that 1s, x 
rectly as the Squares of their homologous Sides; 

con- 
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conſequently the Retardation is inverſely as 
« their homologous Sides . | 


0 
J 


Having given the fundamental Principles of 
| Hydroftatics, and ſhewn how Fluids, both com- 
preſſible and incompreſſible, are diſpoſed to act 
upon each other, and upon Solids by their Preſ- 
E ſure, Motion, Elaſticity, and Reſiſtance ; I 
R proceed now to account for ſome of the more 
remarkable Phænomena of Nature, in which 
= they are in Part, or altogether concerned: And 
this I deſign for the Subject of the following 
Di.itlertations. | 


= + Becauſe the inverſe Ratio of the Cubes of any Numbers 
being compounded with the direct Ratio of the Squares of the 
* fame, gives the inverſe Ratio of the Numbers themſelves. 
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46 8 Of Sound. Part II, 


DISSERTATION I 
Of Sound. 
"HEN the Parts of an elaſtic Body are 


put into a tremulous Motion, by, Per. 
cuſſion, or the like; fo long as the Tremors 
continue, ſo long is the Air, included in the 
Pores of that Body, and likewiſe that which 
preſſes upon its Surface, affected with the like 
Tremors and Agitations: Now, the Particles 
of Air being ſo far compreſſed together by the 
Weight of the incumbent Atmoſphere, as their 
repulſive Forces permit, (as has been explained, 
Chap. 3.) it follows, that thoſe, which are 
immediately agitated by the reciprocal Mo- 
tions of the Particles of the elaſtic Body, will, 
in their Approach towards thoſe which lie next 
them, impel them alſo. towards each other; 
and thereby cauſe them to be more condenſed, 
than they were by the Weight of the incum- 
bent Atmoſphere, and in their Return will ſuffer 
them to expand themſelves again; whereby the 
like Tremors and Agitations will be propagated 
10 them; and ſo on, till having arrived at a 
certain Diſtance from the Body, the Vibrations 
ceaſe, being gradually deſtroyed by a conti- 
nual ſuccefiive Propagation of Motion to freſh 
Particles of Air throughout their Progreſs. 
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Thus it is that Sound is communicated from 


a tremulous Body to the Organ of Hearing. 


Each Vibration of the Particles of the ſounding 
Body is ſucceſſively propagated to the Particles 
of the Air, till it reaches thoſe which are con- 
tiguous to the Tympanum of the Ear, (a fine 
Membrane diſtended acroſs it,) and theſe Par- 
ticles, in performing their Vibrations, impinge 
upon the Tympanum, which agitates the Air 
included within it ; and that being put into a 


like tremulous Motion, affects the auditory 
Nerve, and thus excites in the Mind the Sen- 


fation or Idea of what we call Sound. 

Now ſince the repulſive Force of each Par- 
ticle of Air is equally diffuſed around it eve- 
Ty Way; it follows, that when any one ap- 
proaches a Number of others, it not only re- 
pels thoſe which lie before it, in a right Line; 
but the reſt, laterally, according to their re- 
ſpective Situations : that is, it makes them 


recede every Way from itſelf, as from a Cen- 


ter : and, this being true of every Particle, it 
follows, that the aforeſaid Tremors will be 


' propagated from the ſounding Body in all Di- 


rections, as from a Center: And further, if 
they are confined for ſome Time from ſpread- 
ing themſelves by paſſing through a Tube or 


the like, will, when they have paſſed through 


it, ſpread themſelves from the End in every 


Direction. In like Manner, thoſe which paſs 


through an Hole in an Obſtacle they meet 
with in their Way, will afterwards ſpread 
| themſelves 


48 of Sound. Fart II. 
themſelves from thence, as if that was the 
Place where they began; ſo that the Sound, 
which paſſes through an Hole in a Wall, or the 
like, is heard in any Situation whatever, that 
is not at too great a Diſtance from it. Some. 
ging analogous to this we may obſerve in the 
tion of Waves upon the Surface of a Fluid, 
which are propagated equally through all Parts 
of the Surface in a Circle, though occaſioned 
not by a circular, but reciprocal Motion and 
Agitation of the Finger, or any other Body in 
a ſtrait Line. 
Since the repulſive Force, with which the 
Particles of Air act upon each other, is recipro- 
cally as their Diſtances; (Chap. 3. F. 10.) it 
follows, that when any Particle is removed out 
cf its Place by the Tremors of a ſoufiding Body, 
or the Vibrations of thoſe which are contiguous 
to it, it will be driven back again by the 
repulſive Force of thoſe towards which it is 
impelled, with a Velocity proportionable to 
the Diſtance from its proper Place; becauſe 
the Velocity will be as the repelling Force. 
The Conſequence of this is, that, Jet the 
Diſtance be great or ſmall, it will return to 
its Place in the fame Time; (for the Time a 
Body takes up in moving from Place to Place 
will always be the fame, fo long as the Ve- 
locity it moves with 1s proportionable to the 
Diſtance between the Places.) The Time there- 
fore in which each Vibration of the Air is 
ee e on the Degree of Repul- 
fon 
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49 
ſion in its Particles: And ſo long as that is not 
altered, will be the ſame at all Diſtances from 
the tremulous Body; conſequently, as the Mo- 


tion of Sound 1s owing to the ſucceſſive Pro- 
pagation of the Tremors of 2 ſounding Body 


through the Air, and as thai Propagation de- 
pends on the Time each Tremor is performed 
in, it follows, that the Velocity of Sound va- 
ries as the Elaſticity of the Air, but continues 
the ſame at all Diſtances from the founding 
Body. 2 

And as the Velocity, with which Sound is 
propagated, depends on the Elaſticuhe of the 
Air, ſo it does alſo on its Deaofity ; to. wh 


the Denſity of the Air is augmented, While 


its Elaſticity remains the {me +, a great Num- 
ber of Particles will move fur ards and back- 
wards in each Vibration; now, tince we ſup- 


pole the Cauſe by which they put <ach other 
4 Perhaps it will not appear to every one, how the {!cnfity 


of the Air can be augmented without a proportional Increaſe of 
its Elaſticity ; becaule, ceteris anibus, the nearer the Particles 


approach each other, the ſtronger is the Action of their repul- 


ſive Force. 
But it is to be conſider'd, that when the Air becomes colder, 


its Elaſticity is diminiſhed, and then the Particles are brought 


cloſer together by the Preſſure of the Atmoſphere, till they ac- 
quire an Elaſticity equal to what they had before ; viz. ſuch as 
anſwers to the Preſſure they ſuſtain (Chap. 3. $. 12.) From 
hence we may infer, that the Propagation of Sound is flower in 
Winter than in Summer, when the Mercury in the Barometer is 
at the ſame Height; for the Preſſure of the Air being the ſame, 
its Elaſticity, which depends upon it, is ſo too; but the Air is 
ee by Reaſon of the Cold, and therefore its Vibrations 
lower. . 
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xo Of Sound. Part It, 
into Motion (vis. their Elaſticity, ) the ſame, 
they will each receive a leſs Degree of Velo. 
city; and fo the Vibrations wilt be performed 
in a longer Time, whence the Succeſſion of 
them will be ſlower, and the Progreſs of the 
Sound proportionably retarded &. 

Whereas the undulatory Motion of the Ait, 
which conſtitutes Sound, is propagated in all 
Directions from the ſounding Body ; 1t wil 
frequently happen, that the Air, in perform. 
ing its Vibrations, will impinge againſt vari- 
ous Objects, which will reflect it back, and 
ſo 121 new Vibrations the contrary Way; 
now, if the Objects are fo ſituated, as to re- 

flect a ſufficient Number of Vibrations back 
(v22, ſuch as proceed different Wye) to the 


* The Method of determining the Velocity with which 
Sound is propagated, is (by the Help of a ſhort Pendulum) to 
eſtimate the Time, which paſſes between ſeeing a Fire of 2 
Gun at a Diſtance, and hearing the Report. Its great Velocity 
makes it difficult to be determined exactly; accordingly Au- 
thors differ much in their Accounts. The moſt accurate Ob- 

ſervers, Dr. Halley and Dr. Derham, have found it to be about 
one thouſand one 1 and forty-two Feet, which is al- 
moſt a Quarter of a Mile, in a Second. 

The uſual Experiments to prove that the Air is 8 for 
the Propagation of Sound, are ſuch as theſe. A ſmall Bell be- 
ing put into the Receiver of the Air-Pump, may be heard at a 
confiderable Diſtance before the Air is exhauſted out of it; but 
when the Air is much rarefied by exhauſting, can ſcarcely be 
heard at all. When the Air is condenſed, the Sound is aug- 
mented in Proportion to the Condenſation. Theſe Experiments 
do not only ſucceed in forced Rarefactions and Condenſations, 
but in ſuch alſo as are Natural; Sound being obſerved to be 
much weaker on the Tops of high Mountains, where the Air 
is leſs condenſed by the Weight of the incumbent Atmoſphere, 
than in the Valleys below. 
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lame Place, the Sound will be there repeated, 
and is called an Echo *. And, the greater the 
Diſtance of the Objects is, the longer will be 
the Time, before the Repetition is heard. 
And when the Sound in its Progreſs meets with 
Objects, at different Diſtances, ſufficient to 

roduce an Echo, the ſame Sound will be re- 
peated ſeveral Times ſucceſſively, according to 
the different Diſtances of thoſe Objects from 
the ſounding Body; which makes what is call- 
ed a repeated Echo. . 

If the Vibrations of the tremulous Body are 
propagated through a long Tube, they will be 
continually reverberated from the Sides of the 
Tube into its Axis, and by that means pre- 
vented from ſpreading, till they get out of it; 
whereby they will be exceedingly increaſed, 
and the Sound rendered much louder than it 
won otherwiſe be TP. 

The Difference of Muſical Tones depend 
on the different Number of Vibrations com- 
municated to the Air, in a given Time, by the 

Tremors 


14 I — Park, near Oxford, vant is an Echo, hich 
repeats diſtinctly ſeventeen Syllables by Day, and twenty by 
* * See Plot's Natural Hiſtory of Oxford/hire. 

The Reaſon why jt repeats more Syllables by Night, than 


by Day, is becauſe the Air, being colder at that Time, is more 


denſe; and therefore the Return of the firſt Vibrations being 
ſlower, gives Time for the Repetition of more Syllables. 


+ This is the Caſe in the Stentorophonic Tube or . 
Trumphet. See Kircher de Re Muſica, Lib. 9. Par. 3. 9 


Philof, Nat, Princip. p. 293. L 
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Tremors of the ſounding Body; and the quicker 
the Succeſſion of the Vibrations is, the acuter is 
the Tone, and e contra. 

A mufical Chord performs all its Vibrations, 
whether great or ſmall, in the fame Time, 
For, if a String is ſtretched. between two Pins, 
and a Force is applied to the middle Point, 
to draw it out of its rectilineal Situation; it 
is found by Experiment, that the Diſtance (if 
it be ſmall) to which it is drawn, is as the 
Force applied ; conſequently the Velocity, 
with which it returns, when left to itſelf, will 
be as, the Space it has to move over; it will 
therefore perform all its Vibrations in the ſame 
Time: This is the Reaſon why the ſame Chord, 
however ſtruck, produces the ſame Note. It 
is alſo found by Experiment, that. when Strings 
of equal 8 but different Lengths, 
are equally ſtretched, the longer they are, ſo 
much the leſs Weights will — them from 
their rectilineal Situation to be farms Diſtance; 


Upon this Principle i it is, chat Senn is conveyed from one 


Side of a Whiſpering Gallery to the oppoſite one, without being 
perceived by thoſe who ſtand in the Middle. The Form of 'a 
Whiſpering Gallery is that of a Segment of a Sphere, or the like 
arched Figure; and the Progreſs of the Sound through it may 
be illuſtrated in the following Manner. 

Let ABC (Fig. 14.) repreſent the Segment of 2 eber! ; 


and ſuppoſe a low Voice uttered at D, the Vibrations expand- 


ing themſelves every Way, ſome will impinge upon the Points 
E, E, Sc. and from thence be reflected to the Point F, from 
thence to G, and ſo on, till they all meet in C; and by their 
Union there cauſe a much ſtronger Sound, than in any other 
Part of the Segment whatever, even at D, the Point trom 
whence they came. « | 

the 


hav oa ear Ln 


Diſſert. T. Of Sound. 5 3 
me Forces therefore by which they return 
care leſs, and the Times of their Vibrations 

longer. Sy 5 
When two Chetds perform their Vibrations 
in equal Times) the Tone produced is called 
an Uniſon. If one performs two, while the 
other one; tis an Ofave. If one three, while 
che other two; tis a F7/75. If one three, 
while the other four; 'tis called a Pourth, 

_ | 

To make an Uniſon Sound, it is not neceſ- 

ſary, that the Vibrations of the two Strings 
ſhould actually concur, but only that they 

= ſhould be performed in equal Times; ſo that 
they would always concur, if they began at 
the ſame Inſtant; For the Ear perceives not 
the ſingle Vibrations diſtinctly, but only finds 

E that Difference, which proceeds from the In- 
tervals of Time, that paſs between them . 
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V pon theſe Principles we may account for that remarkable 
Phænomenon in Mu/ic, that an intenſe Sound being raiſed, 
either with the Voice, or a ſonorous Body, another ſonorous Bo- 
dy near it, and in Uniſon with it, will thereby be made to ſound. 
For the Vibrations of the Air, which correſpond to the Tre- 
mors of the firſt ſounding Body, agreeing exactly, in Point of 
Time, with thoſe, wllich are capable of being given to the 
other Body at Uniſon ith it; when they have by their firſt Im- 
pulſe communicated a mall Degree of Motion to it, will, by 
conſpiring with it, as it move: ferwards and backwards, conti- 

= nually increaſe its Motion, till i becomes ſenſible. The con- 

trary happens in Strings which are in Difcord with each other; 

for in this Caſe, though the firſt Vibration of one may give 
Motion to the other, yet their Vibrations not being performed 
in equal Times, the ſecond wil! come anſcaſon sd /. e. when 
the other is moving the contrary Way, and ob uct its Motion. 
I: is farther obſervable, that in two Strings, one of winch vi- 
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54 Of Sound. Part II. 
brates twice, while the other once; if the firſt be ſounded, the 
two Extreams of the other will each ſound an Uniſon with it, 
while the middle Point remains at Reſt. So if one vibrate; 
thrice, while the other once, the laſt will be divided into three 
Parts, each of which will ſound an Uniſon with it, and the two 
Points between thoſe Parts will remain at Reſt. For other. 
wiſe, that which vibrates twice, while the other once, muſt ne. 
ceſſarily interfere with it at every ſecond Vibration; and that 
which vibrates thrice, while the other once, would interfere 
with it at every third; ſo that it would not be put into a ſuff- 
cient Motion to produce a Sound. But, when it is divided by 
the quieſcent Points, it becomes ſo many Strings at Uniſon with 
the former, each of which eaſily reeeives its Vibrations from 
thence. | arms 
From hence likewiſe it is, thatjif we take two or three Drink. 
ing-Glaſſes,. and put ſome Water or other Fluid into each of 
them, and place them near to each other, taking Care to fil 
them to ſuch Heights, that (when ftruck).their Tones ſhall be 
in Uniſon ; and then, if we ſlide the Finger along the Brim of 
one of the Glaſſes, preſſing pretty ſtrongly upon it, (which will 
cauſe it to ſound) we tall fee the Surface of the Fluids in the 
other Glaſſes begin to tremble ; which ſhews that the Vibrations 
of the firſt Glaſs cauſe the like in the other at Uniſon-with it; 
though not perhaps in a Degree ſufficient to produce a'Jound, 
ſtrong enough to be heard diſtinctly from the former. 
Thus it is that ſome Perſons are able to break a Drinking- 
_ Glaſs by a Tone of their Voice at Uniſon with it. They firſt 
try the Tone of the Glaſs by ftriking it, then applying ther 
Mouth near to the Brim of it; ſound the ſame Note with their 
Voice; this ſets the Glaſs a trembling ;' they then continually 
raiſe their Voice, ſounding ſtill the lame Note; this increaſes 
the Tremors of the Glaſs, which by that Means (if it is not too 
ſtrong) is broke in Pieces. | | 
The Effect of My/:c upon Perſons bit with a Tarantula, (if 
the Accounts we have of it from Abroad may be credited) is 
very ſurpriſing. A Perſon bit with the Tarantula, after ſome 
Time loſes both Senſe and Motion, and dies if deſtitute of 
Help. The moſt effectual Remedy is My/jc. The Muſician 
tries Variety of Airs, till he hits upon one that affects the Pa- 
tient, who upon that begins to move by Degrees ; firſt keeps 
Time with his Fingers, Arms, and Legs, 3 is vio- 
lently agitated in every Part of his Body; and then leaps up. 
begins to dance, and increaſes in Activity every Moment; rg 
aro | after 
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after five or ſix Hours, being much fatigued, he is put to 


Bed, and left to ſweat. The next Day the ſame Air brings him 


out: of Bed for a. new Dance. Which Exerciſe being thus con- 


tinued, the Diſtemper is abated in the Space of four or five 
Days, the Effects of the Bite being in ſome Meaſure carried off 
by Sweat, and the Patient begins then to recover his Senſe and 
Knowledge by little and little. | 

The Reaſon why the Patient is thus affected by the Mu/c, is, 
becauſe the Nerves of his Body are ſo diſpoſed in that Diſtemper, 
as eaſily to be agitated by the Vibrations which are occaſioned 
by the. principal and ſtronger Notes of what is played. | 


See, on the Subject of this Diſſertation, Philoſoph. Tranſact. 


No 134, 234, 302, 313, 319, 337. Hiſt. de VAcad. 1702, 


1708. Grew's Coſmolog. Sacr. Book I. Chap. 5. Mead upon 


Poiſons, p. 59. Keill's Anatomy, p. 214. Bagliui Prax. Me- 
dic. Diſſert. I. Bellini de Urinis & Pulſibus, &c. ſub fine 
Capitis de Mania. 9 | 
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56 of Capillary Tubes, Part II. 


D I SSERTATION I 
Of Capillary Tubes. 


Y a Copillary Tube is generally underſtood 
a Glaſs Pipe, the Diameter of whoſe 
Bore is at moſt but about one tenth of an Inch; 
though any Tube, whoſe Cavity does not ex- 
ceed that Magnitude, may be ſo called. | 
The Phenomena of Capillary Tubes being 
ſuch as contradi& a known Law in Hydrofia- 
_ tics, viz. that a Fluid riſes in a Tubs to the 
\ fame Height with the Level of its Source +; 
and likewiſe of Affinity with the Aſcent of the 
Sap through the Stems of Plants for the Nou- 
riſnment of their Fruit, and with divers other 
Operations of Nature : it has been thought 
of no ſmall Moment in Philoſophy to find 
out and eſtabiſh their true Cauſe ; which af- 
ter numerous Experiments, and ſeveral Con- 
jectures about it, is found to be no other than 
the Attraction of Coheſion ; by which ſmall 
Particles of Matter mutually adhere together, 
and form larger Bodies ||. I ſhall lay down 


+ See Chap. I. $- 9. Caſe 4. in the Notes. 


See Haukſbree's and Power's Experiments. Muſſchenbroeck 
4to Edit. Philoſoph. Tranſact. No 355. Mem. e PAcad, 
1705, 1714, 1722, 1724, with others referr'd to in Quæſtiones 
Philoſoph. 
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the ſeveral Phænomena, as ſo many Matters of 


Fact; and ſubjoin to each a Solution from that 


Cauſe. In order to which, it may not be im- 


proper to premiſe the following Conſideration 


by way of Lemma. TR 
Let us ſuppoſe the Veſſel ABCD (Fig. 15.) 


filled with a Fluid to the Height LM, and 


let it be conceived as divided into the equal 
Portions EFGH, GHIK, IKLM, &c. Far- 
ther, let it be ſuppoſed, that each Particle of 
Matter in the inner Surface of the Veſſel, has 
a Sphere of Attraction, whoſe Semidiameter 
is equal to the Breadth of three of thoſe Por- 
tions; that is to ſay, that the Attraction of 
the Particle M reaches upwards as far as F, 
and downwards as far as S; and that of the 


Particle O, upwards as far as H, and down- 
wards as far as U; and ſo of all the reſt quite 


= round the Tube. From hence it will follow, 
= that every Particle of the inner Surface of the 
= Veſſel, which lies between EF and RS, con- 


ſpires in endeavouring to raiſe the Fluid to- 


wards AB the Top of the Veſſel ; and that 
the Fluid is not affected by any other. For 
Inſtance, the Particle 8, and all below it, will 
attract downwards three Strata of the Fluid 
(ſuch as are contained in three equal Diviſions 


of the Veſſel) from above, and as many up- 


wards from below; and therefore will have no 
Effect at all in raiſing or depreſſing the Fluid. 


But the Particle Q will attract only two Strata 


downwards; becauſe there are no more above 
L 4 | it, 
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58 Of Capillary Tubes. Part It, 
it, and three upwards, and therefore will in 
ſome meaſure tend to raiſe the Fluid; ſo the 
Particle O will attract but one downwards, and 
three upwards ;. the Particle M none down- 
wards, and three upwards ; the Partiele K two 
upwards, and. H only one : all which may 
clearly be ſeen by their Situations in the Figure 
with Reſpe&t to the Surface of the Fluid. 
Therefore in every Veſſel, where there is a mu- 


5 tual Attraction between the Fluid it contains 


and the Particles of which it is compoſed, there 
will be a certain Number of Particles diſpoſed 
around it in Form of a broad Periphery or 
Zone, as repreſented by AB (Fig. 16.) half of 


which lies above the Surface of the Fluid, and 


half below it, and will tend to make it riſe to- 
wards. the Top. This being underſtood, the 
following Phenomena will not be difficult *. 


l have been the more particular in explaining this Lemma, 


becauſe it is not a bare Periphery of no Breadth, to which the 


Aſcent of the Fluid is owing, but a Zone or Cingulum of Parti- 
cles diſtended equally in Breadth both Ways from the Surface 
of the Fluid; and becauſe it is upon the Breadth of this, that 
ſome of the following Solutions depend. As to the Thickneſs 


| of it, that undoubtedly is equal to the Semidiameter of the 


Sphere of Attraction in the Particles of the Veſſel ; and there- 
fore Veſſels, whoſe Sides are of different Thickneſſes (provided 
thoſe Thiekneſſes be leſs than that Semidiameter) muſt have 
different Effects upon the fame Fluid, though no one has as yet 
been ſo accurate as to obſerve it. The Reaſon why a Fluid will 
not rife.in a large Veſſel, as well as in one that is Capillary, is, 


becauſe the Attraction of its Particles does not reach far enough 


into the Middle of the Veſſel ; and therefore it only riſes about 
the Sides ſtanding higher than in the Middle: as may be ſeen 
in a Drinking-Glaſs, when a Quantity of Water is put into it, 
:omewhat leſs than is ſuffictent to fill it. 


J. Let 
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I. Let there be two Capillary Tubes, AB 


Z and CD (Fig. 17.) open at both Ends; and 


© having their lower Orifices, A and C, immer- 


ed below the Surface of the Water contained 


© i the Veſſel FGHI : The Water will imme- 
diately riſe up in each Tube above the Surface 
of that in the Veſſel, beginning with a ſwift 


Motion, which will gradually decreaſe; till 
as much Water has entered the Tubes, as they 
are able to raiſe : And the Heights to which 
the Water will riſe in them, will be reci 
cally as their Diameters. 

That the Water ought to riſe in both Tubes 
is an immediate Conſequence of the foregoing 


Pro- 


Lemma; becauſe the Column of Water with- 


in the Tube is rendered lighter than an equal 
Column on the Outſide, as being attracted up- 


F wards by a Portion of the interior Surface of 
the Veſlel ; and therefore will riſe till it be- 


comes as much longer than the external ones, 
as it is made lighter; that the Æquilibrium, 


which was deſtroyed by the Attraction of the 
Tube, may be reſtored by the Weight of the 


Column. The Reaſon that the Velocity with 
which is riſes, ought conſtantly to decreaſe, is, 
becauſe the heavier the Celumn 1s, the leſs is 
the Effect of the Attraction, which is always 
the ſame in a Tube of the ſame Diameter. 
And laſtly, the Heights to which the Water 


riſes in them, will be reciprocally as their Dia- 


meters; for then the Quantities raiſed will be 
directly 
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Go / Capillary Tubes. Part Il. 
directly as the Diameters f; but the Peripherieʒ 
that [raiſe them, (being always of the ſame 
Breadth, and having their Lengths equal to the 
Cicumferences of the Tubes) are as thoſe Dia. 
meters; the Quantities of Water therefore, 
being in the ſame Ratio, are as the Peripheries, 
z. e. as the Cauſes by which they are raiſed. 

II. If the Tubes, before they are immerged 
in the Water, are filled to greater Heights, 
than thoſe to which it would naturally riſe in 
them; and then have their lower Orifices im- 
merged in Water, the Water will ſubſide till 
it ſtands in each at the ſame Height to which 
it would have riſen; but, if they are held in a 
perpendicular Pofttion without being immer- 
ged, the Water will not ſubſide in the Tubes 
guite ſo fa. DM 

The Reaſon why the Water in the Tube, 
when its lower Orifice is immerged, ſubſides 
to the ſame Height it would have riſen to, had 
he Tube been immerged when empty, is be- 
caàuſe the Column is ſuſpended in one Caſe by 
the ſame Cauſe, by which it is raiſed in the 
other; but when the Tube full of Water is 


. 


The Heights to which the Water riſes, being in a reci- 
proce Ratio of the Diameters; and the Contents of Cylin- 
drical Tubes being in a direct Ratio of their Heights, and of 
the Squares of their Diameters; the Quantities of Water 
raiſed in this Caſe will be in a reciprocal Ratio of the Diame- 
ters, and a direct one of the Squares of the ſame. Now theſe 
two Ratios being compounded together, give the direct one of 
the Diameters themſelves; becauſe the ſimple reciprocal Ratio 


deſtroys one of thoſe, which are contained in the direct one of 
the Squares. 
N held 
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held erect, without being immerged, it will 
not ſubſide guite fo far; becauſe the lower End 
of the Tube, which the Water leaves behind 
it as it drops out, attracts it the contrary Way; 

ſo that the Column in this Caſe is ſuſpended, 
not only by the inner Surface of the Tube at 
the Top, but alſo by its lower End; and there- 


fore a greater Quantity of Water is W 
than in the former Caſe. | 


III. If a Tube, having its lower Orifice im- 
merged in Water, be held obliquely, it will 
raiſe the Water to the ſame Perpendicular 
Height, as when held erect. 

For ſince Fluids preſs according to their per- 
pendicular Heights, the Weight of the Column 
= raiſed will not be proportionable to the attract= 
ive Force of the Tube, till it has arrived at the 
= fame perpendicular Height, to which it would 
have roſe, if held ere. 

IV. If a Tube, when the Water is riſen i into 
it to its wonted Height, is laid in an horizontal 
Situation, the Water will move towards the 
Middle of the Tube, leaving the End which 
was immerſed a little behind. | 

The Solution of this Phenomencin depends 
on what was obſerved in the Lemma about 
the Breadth of the attracting Periphery, and 
its being equally ſituated on each Side the 
Surface of the Water; for from thence it fol- 
lows, that if the Water ſhould not run from 
the full End of the Tube, after it has laid in 
an horizontal Situation, but remain contiguous 
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O2 0 7 | Capillary Tubes, Part 1], 
to it; that End of the Column of Water would 
be attracted only by ſuch a Portion of a Peri. 


phery as hes within its Surface at that End; 


becauſe the End of the Tube coinciding with 
the Surface, the other Half of the Periphery 


is wanting. Whereas, at the other End of the 


Column, there is a Periphery whoſe Breadth is 
entire; which, overpowering the other, caules 
the Water to move towards the Middle of the 
Tube, till as much Periphery is left behind, as 
can at once affect the Water by the Attraction 


of its Particles; after which the Water being 


attracted equally each Way, remains at Reſt. 
V. Let there be a Tube (Fig. 18.) conſiſt- 


ing of two Parts DR and RCK, of different 
Diameters; it follows from what has been ſaid, 


that DR the ſmaller Part of the Tube, is able 
to raiſe Water higher than the other : Let then 
the Height to which the larger would raiſe it, 
be TF, and that to which it would rife in the 
leſſer (was it continued down to the Surface of 
the Fluid) be XL: If this compound Tube be 
filled with Water, and the larger Orifice CK be 


immerſed in the-ſame Fluid, the Surface of the 


Water will fink no farther than XL, the Height 
to which the leſſer Part of the Tube would 
have ravſed it. 

But if the Tube be inverted, as in Fig. 19. 
and the ſmaller Orifice XL be immerſed, the 
Water will run out till the Surface falls to TF; 


the Height to which the larger Part of the 


Tube 
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Tube would have raiſed it. The Size of the 
lower Part making no Alteration in the 


Height, at which the Fluid i is ſuſpended in 
either Caſe. 


In. order to account for theſe . it 


I muſt be conſidered, that when a Body is ſo 
= diſpoſed, that its different Parts ſhall move 
E with different Degrees of Velocity, the greater 
. Proportion the Velocity of that Part to which 
a moving Power is applied, bears to that of 
the reſt; ſo much the more effectual is the 
Power in moving that Body: As is the known 


Caſe of the Lever, and all the other Mechante 
cal Powers. | 
Now let us conceive the Tube PR (Fig. 
18.) continued down to HI, and let it be 
ſuppoſed at preſent that the Fluids contained 
in the Tube XL HI, and the compound one 
XLKC, are not ſaſpended by the Periphery 
at L, but that they preſs upon their 85 
Baſes, HI and CK. Let it farther be ſuppoſed 
that theſe Baſes are each of them moveable, 
and that they are raiſed up or let down with 
equal Velocities; then will the Velocity with 
which XL the uppermoſt Stratum of the F luid 
XLCK moves, exceed that of the ſame Stratum, 
conſidered as the uppermoſt of the Fluid in the 
Tube XL H1, as much as the Tube R CK 
is wider than DR (by the Lemma, Chap. L. 
§. 9.) that is, as much as the Space MNKC 
exceeds XLIH ; conſequently, by, what was 
obſerved; in the foregoing , Paragraph, the 
Effect 


. 2 ; 


64 / Capillary Tubes. Part Il. 
Effect of the attracting Periphery X L, as it 
acts u on the Fluid contained in the Veſſel 
XLC E, exceeds its Effect, as it acts upon 
that in XL HI, in the ſame Proportion. 
Since therefore it is able (ex Hypoth.) to ful. 
tain the Weight of the Fluid X L HE by it 
natural Power, it is able under this Mechan. 
cal Advantage, to ſuſtain the Weight of x; 
much as would fill the Space MNE C: Bn 
the Preſſure of the Fluid XLC K is equal to 
that Weight, as having the ſame Baſe” and an 


equal Height (Chap, 1. F. 9.) its Preſſure there. 


fore, or the Tendebey it has to deſcend in the 
Tube, is equivalent to the Power of the at. 
tracting Periphery X L, for which Reaſon | i 
ooght 26 dt fafpendel b = 
Again, the Height {Fig. 19.) at which 


the attracting Periphery in the larger Part of 
| the Tube is able to ſuſtain the Fluid is no 


greater than N F, that to which it would hav. 
raifed/it, had the Tube been continued down 


to MN. For here the Power of the attract- 


ing Periphery acts under a like Mechanical 
Diſadvantage, and is thereby diminiſhed in 
Proportion to the C. apacity of the Tube TFNM 
to that of HIX L; becauſe, if the Baſes of 
theſe Tubes are ſuppoſed to be moved with 
equal Velocities, the Riſe or Fall of the Sur- 
face of the Fluid TFXL, would be ſo much 
leſs than that of TFMN. And, whereas 
the attracting Periphery T F is able by its na- 
tural Power 10 ſuſpend the Fluid only to the 

| =, Height 


Diſſert. 2. Of Capillary Tubes. 65 
Height NF in the Tube TFMN; it is in this 
Caſe able to ſuſtain no greater Preſſure than 
what is equal to the Weight of the Fluid in 
the Space, HIXL: but "the Preſſure of the 
Fluid TFXL, which has equal Height, and 
the ſame Baſe with it, is equal to that Weight; 


and therefore is a juſt Apulpondiun to the at- 
tracting Power. 

VI. From hence we may clearly ſce the 
Reaſon, why a ſmall Quantity of Water put 
into a Capillary Tube, which is of a Conical 
Form, and laid in an Horizontal Situation, 
will run. towards the narrower End. For let 


AB (Fig. 20.) be the Tube, CD a Column 


of Water contained within it; when the F luid 
moves, the Velocity of the End D will be to 
that of the End C. eee as the Cavity 
of the Tube at D, to that at C (by the Lem 
ma, Chap. 1.8.9.) that is, reciprocally as the 
Square of the Diameter at D, to the Square 
of the Diameter at C but the attradting Pe- 
ripher y.at Das to that at C, in the ſimplę Ra- 


tio of the Diameter at D, to. ihe Diameter at 
C. Now, ſince the Effect of the Attraction 


depends, as much upon the Velocity of that 
Part of the Fluid where it acts, as upon its 


natural Force, its Effect at D will be greater 


than at C; for though the Attraction at D 
be really leſs in itſclf than at C, yet its Loſs 


of Force upon that. Azcount, is more than 
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66 _ Of Capillary Tubes. Part Il, 
compenſated by the mechanical Advantage it 
has ariſing from hence, viz. that the Velo 
city of the Fluid in that Part 1s greater than 
it is at C, in a greater Proportion than the 
Force itſelf is lets : Fhe F ld will therefore 
move towards B. 

VII. From hence likewiſe it follows, that 
if a Veſſel, as ABC (repreſented Fig. 21.) cf 
any Form whatever, have its upper Part drayn 
out into a Capillary Tube, as B; and if this 
Veſſel is filled with Water, and have its lower 

Orifice placed on FD the Surface of the ſame 
Fluid ; then the Water will remain ſuſpended 
in the Veſſel, provided the Capillary at the 
Top be ſmall enough (was it continued down 
to the Bottom) to raiſe the Fluid to the Height 
B. Becauſe, by Propofition the fifth, the lower 
Part of the Tube makes no Alteration in the 
Height, at which the Capillary B is able to ſuſ 
tain the Fluid. 
VIII. And if the ſame Veſſel be filled only 
to the Height DE (Fig. 22.) and a Drop of 
Water be put into the Capillary at B (the in- 
termediate Part BDE being full of Air) the 
Water will continue faſpended at the * 
D E. 

For, although the Fluid AC DE is not in 

Contact with the Drop of Water in the Ca- 
pillary Tube, and therefore not immediately 
133 by it; yet the Preſſure of the Atmo- 
ſphere upon the Surface FG, and againſt the 
vooer Part of the Drop in the Capillary B, 
keeps 
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Diſſert. 2. Of Capillary Tubes. 67 
keeps the Fluid AD EC, and the Drop, and the 
intermediate Air from ſeparating, juſt as in the 
former Caſe the Attraction of Coheſion in the 
Particles of the Water prevented a Separation 
between that in the Veſſel and that in the Ca- 
pillary. Conſequently, as the Water in the 
Capillary was able in the former Caſe to ſuſtain 


as much Fluid as the Veſſel could contain, it is 
now ſufficient to ſuſtain the Fluid ADEC q. 


IX. Let there be a Capillary Siphon, as 


that repreſented Fig. 23, 24, or 25, and let EF 
be the Height, to which Water might be raiſed 
by a Periphery equal to thatat A. Now, fince 
(as was obſerved, F. 2.) the lower End of a Tube 
when it is not immerged, cauſes a longer Co- 
lumn to be ſuſpended than otherwiſe would 
be; that is, it ſupports a ſhort Column beſides 
that which is ſuſtained by the attracting Peri- 
phery ; let HI be the Height of ſuch a Co- 
lumn as might be ſuſpended by the End C: 
Then, if any of thoſe Tubes are filled with 
Water, and held as in the Figure (neither End 
being immerged) the Fluid will run out of 


the Tube at C, if CD the Difference of the 


+ This happens quite otherwiſe in Vacuo, becauſe the Preſ- 
ſure of the Air, which, as it were, connects the Drop with the 


Water AD EC, being wanting, it immediately falls for Want 


of a Support. Whereas the former Phænomenon equally ſuc- 
ceeds in Vacuo; which ſhews that the Parts of the Fluid in the 
Veſſel are connected with each other, and with that in the Ca- 
. by their own mutual Attraction of Coheſion, there 
being nothing elſe whereby they can be ſupported. 
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68 Of Capillary Tubes. Part II. 
Legs exceeds E F and HI added together, 
otherwiſe not. 3 

For the Column AB is a Counterpoiſe to 
BD, being of the ſame perpendicular Height; 
and therefore it is only the Weight of the Co- 
lumn CD which determines the Fluid to move; 
unleſs that Weight therefore exceeds the Force 
of the attracting Periphery at A (which the 
Fluid AB muſt leave in riſing up the Tube) 
and alſo what may be ſupported by the End 
C, that is (ex Hypoth.) two Columns whoſe 
Heights are FE and HI, it cannot run out at 
C; otherwiſe it will, as being deſtitute of a 
ſufficient Support. 

X. If the End A is immerged in Water, and 
the other not (ſuppoſing the Tube full as be- 
fore) it will run out at C, though CD, the 
Difference of the Legs only exceeds H I. For 
then the Attraction at A ceaſes, and there is 
nothing to ſupport the Column C D, but the 
Power the End C has to prevent Drops from 
falling off it. 

XI. Again, if the End C is immerged in 
Water (and the other not) it will run out at 
C, if CD exceeds E F, otherwiſe not. 

For in this Caſe, there is nothing to ſupport 
the Column CD but the attracting Periphery 
at A, whoſe Power is ſuppoſed able to raiſe a 
Column as E F, and no more. = 

XII. And if both Ends are immerſed (the 
Tube being ſuppoſed full as before) the Water 
will run out at the lower, which ever it is. 
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For then the Attraction of both Ends ceaſes ; 


and the longer Column over-balancing the 


ſhorter, the Fluid is determined thereby to run 
out at the lower End. ho 

XIII. If either of the Tubes (Fig. 23 or 24.) 
are ſmall enough to raiſe the Water from A to 
B, and if the Orifice A is immerged, the Fluid 


will riſe to B, paſſing on to C, where it will 


run out or be ſuſpended, according to the fore- 


going Caſes : But if the Periphery at G (Fig. 


25.) is ſuch as would ſupport a Column of 
the Length of AM only; and if the Tube be 


filled from A to G (the Extremity A being {till 


immerged as before) the Liquor will proceed 
no farther, but remain in the Poſition in which 
it 1s put. | 

For that Fluid which has paſſed B, aſſiſts by 
its Weight the attracting Periphery, in raiſing 


* 


the Column AB, and therefore it runs down to 


C. But if, when the Tube is filled to G, the 
Periphery there is not able to ſupport more than 
AM, the Difference of the Legs AB and BG, 


the Fluid muſt neceſſarily ſtand there; ſince 
BG is no more than a Counterpoiſe to MB, and 


AM is ſuppoſed to be as much as the Periphery 
at G can ſuſtain. SY 
XIV. Tho' a Capillary Tube be ſhorter than 


the Height to which its attracting Periphery is 


able to raiſe a Fluid, v. g. tho' the Tube AB 
(Fig. 26.) be ſmall enough (was it of ſufficient 
Length) to raiſe Water as high as C; yet 
when the End A is immerged, the Fluid wall 

M 2 | not 
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70 Of Capillary Tubes. Part It, 
not run out at B, but only be ſuſpended at 
that Height. 5 

For when the Fluid is riſen as high as B, 
it has then no more Periphery above it, to at- 
tract it any farther; and if it was forced up a 
little above the End, it would be attracted back 
again by it 1. FR 

XV. The Aſcent of different Fluids in the 
Game Tube is various. Muſſchenbroek has found, 
that in a Tube in which Water will riſe to 
the Height of twenty-fix Lines, Oil of Worm- 
wood will riſe but eighteen or nineteen, where- 
as Urine will riſe thirty-three or thirty-four, 


+ Hence we ſee the Abfurdity of ſuppoſing that a Fluid may 
be made continually to flow from a lower Place to an higher by 
a Capillary Tube, as ſuch ; for whether the 'Tube be of ſuch 
Form, as is repreſented, Fig. 23, 24, 25, or 26, the Fluid will 
always ſtop when it comes at the higher End; becauſe the At. 
traction is then in a Direction contrary to its Motion; and the 
Weight of the whole Fluid, if the Tube is ſtrait, or of ſo much 
as is contained in DC, the Difference of the Legs, if it be 
crooked, is likewiſe an Impediment in it. 

Hence alſo the Abſurdity of ſuppoſing a Fluid to circulate by 
Virtue of a Capillary Tube, as ſuch. For ſuppoſe the Ends of 
th2 Capillary Tube joined together, ſo that the Tube ſhall re- 
turn into itſelf ; if the Tube be not full of Liquor, the Liquor 

will place itſelf as near as poſſible to the ſmalleſt Part of the 
'Tube, as may eafily be inferred from what was obſerved in 
§. 6. and will reſt there: If it be full, in which Caſe the Ex- 
tremities of the Fluid join, then there is no Periphery or Zone 
of Particles lying part out of the Fluid, and part in it, and con- 
ſequently all Ground or Cauſe of Motion, ſo far as it ariſes 
from the Tube being capillary, is entirely taken away. And 
jf Part of the Tube be capillary, and Part not, the Caſe is till 
the ſame. How ridiculous then is it to affirm, as ſome have 
done, that the Circulation of the Animal Fluids is pro- 
moted by the Paſſages through which they flow, being of that 


Kind. 
The 
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The Reaſon of which is, becauſe ſome Fluids 
are attracted more ſtrongly by Glaſs than others 
are. Mercury exhibits Phænomena juſt the 
Reverſe of the former; for if the End of a 
Capillary Tube be immerſed below the Surface 
of that Fluid, it will not riſe in the Tube to a 
Level with that on the Outſide. This is be- 
cauſe the Particles of Mercury attra& each 
other more forcibly than they are attracted by 
thoſe of Glaſs +, 


I See Jurin's Diſſert. Philoſoph. Tranſ. No. 363. 
According to f prin: the Length of the upper Part of 
a Tube, which is above the Height to which it is able to raiſe 
a Fluid, conduces ſomething towards the raiſing it; and there- 
fore in a longer Tube a Fluid riſes higher than in one of the 
ſame Dimenſions that is ſhorter ; and if a Tube, with ſo much 


Fluid contained in it as it is able to raiſe, be laid in an Hori- 


zontal Situation, the Fluid will run to the Middle of it. But 
of this I have had no Experience: Tis poſſible that ingenious 
Profeſſor, tho? very accurate in making Experiments, might 
herein be deceived. He acknowledges (Experiment the Fif- 
teenth) that it ſometimes happens otherwiſe. 


Other Authors, - beſides thoſe already referred to, that have 
treated on this Subject, are, Boyle Exper. Phyſ. Mech. Exp. g. 
Sturmius Colleg. Cur. Tentam. 8. Bernoulli Gravit. th. Hooke 
Microg. Obſer. 6. Leeawenhcek Continuat, Arcan. Nat. Epiſt. 
131. Sinclaire Art. Gravit. | N 
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72 The Origin of Fountains. Part II. 


DISSERTATION Ill 
: je he Origin of Fountains 


ANY Nis been the Conjectures of 

Philoſophers concerning the Origin of 
Fountains; and great Pains have been 2:ken 
both by the Members of the Royal Society, 
and thoſe of the Academy of Sciences at Paris, 
in order to aſcertain the true Cauſe of it. It 
was ARISTOTLE's Opinion, and held by moſt 


of the antient Phileſophers after him, that the 


Air contained in the Caverns of the Earth, 
being condenſed by Cold near its Surface, was 


thereby changed into Water ; and that it made 
its Way through, where it could find a Paſſage. 


But we have no Experience of any ſuch Tranſ- 
mutation of Air into Water. 

Thoſe who imagine that Fountains owe 
their Origin to Waters brought from the Sea 
by ſubterraneous Ducts, give a tolerable Ac- 
count how they loſe their Saltneſs by Perco- 


lation, as they paſs through the Earth; but 


find great Dificulty in explaining by what 


Power the Water riſes above the Level of the 


Sea, to near the Tops of Mountains, where 
Springs generally abound ; it being contrary 


to the Laws of Hyateftarict, that a Fluid ſhould 
riſe 
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riſe in a Tube above the Level of its Source. 
However, they have found two Ways, where- 
by they endeavour to extricate themſelves 
from this Difficulty. The one is that of 
| Des CARTES, who imagines, that after 
the Water is become freſh by Percolation, 
it is raiſed out of the Caverns of the Earth 
in Vapour towards its Surface; where meet- 
ing with Rocks near the Tops of Moun- 
tains, in the Form of Arches or Vaults, it 
ſticks to them, and runs down their Sides 
(like Water in an Alembic) till it meets 
with proper Receptacles, from which it ſup- 
plies the Fountains. Now this is a mere 
Hypothefis, without Foundation or Probabi- 
lity; for, in the firſt Place, we know of no 
internal Heat of the Earth to cauſe mm 
an Evaporation ; or if that were allowed, 
tis quite incredible that there ſhould be 25 
Caverns ſo ſmooth, and void of Protube- 
rances, as to anſwer the Ends of an Alembic, 
in collecting and condenſing the Vapours to- 
gether, in every Place where Fountains ariſe. 
There are others (as VARENIUS, Sc.) who 
ſuppoſe that the Water may riſe through the 
Pores of the Earth, as through Capillary 
Tubes, by Attraction; but hereby they ſhew, 
that they are quite unacquainted with what 
relates to the Motion of a Fluid through ſuch 
Tubes. For when a Capillary Tube opens in- 
to a u Cavity at its upper End, or grows larger 
M 4 and 
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—ů 


and larger, ſo as to ceaſe to be Capillary at that 
End; the Water will not aſcend through that 
Tube into the Cavity, or beyond where the 
Tube is Capillary; becauſe that Part of the Pe- 


riphery of the Cavity, which is partly above the 


Surface of the Water, and partly below it, is 
not of the Capillary Kind. Nay, if the Ca- 
vity is continually ſupplied with Water, it will 
be attracted into the Capillary Tube, and run 
down it, as through a Funnel, if the lower End 
is immerged in the fame Fluid, as in this Caſe 


it is ſuppoſed to be *. 
It has been a generally received Opinion, 


and much eſpouſed by MARRIOT TE (a diligent 
Obſerver of Nature) that the Riſe of Springs 
is owing to the Rains and melted Snow. Ac- 
cording to him, the Rain Water, which falls 
upon the Hills and Mountains, penetrating the 


Surface, meets with Clay or Rocks contiguous 
to each other, along which it runs, without 


being able to penetrate them, till being got to 
the Bottom of the Mountain, or to a conſider- 
able Diſtance from the Top, it breaks out of 
the Ground, and forms Springs. 


In order to examine this Opinion, Mr. 


PERRAULT, DE La Hire, and D. Sipe- 
LEAU, endeavoured to make an Eſtimate of 
the Quantity of Rain and Snow that falls in 


* See the foregoing Diſſertation, Sect. 14. 


the 


* 
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the Space of a Tear, to ſee whether it would 
be ſufficient to afford a Quantity of Water 
equal to that which is annually diſcharged into 
the Sea by the Rivers, The Reſult of whoſe 
| Inquiries was, that the Quantity of Rain and 
E Snow which fell in a Year into a Cylindrical 
Veſſel, would fill it (if ſecured from evaporate 
ing) to the Height of about nineteen Inches. 
Which Quantity D. S1DELEAU + ſhewed, was 
not ſufficient to ſupply the Rivers; for that thoſe 
of England, Ireland, and Spain, diſcharge a 
reater Quantity of Water annually, than the 
Pain, according to that Experiment, is able to 
ſupply. Beſides which, another Obſervation 
was made by them at the ſame Time, viz. 
that the Quantity of Water raiſed in Vapour, 
one Year with another, amounted to about 
= thirty-two Inches, which is thirteen more 
than falls in Rain: A plain Indication, that the 
BY Water of Fountains is not ſupplied by Rains 
and melted Snow. | Fi | 
Thus the true Cauſe of the Origin of Foun» 
tains remained undiſcovered, till Dr. HAaLLzy 
in making his Celeſtial Obſervations upon the 
Tops of the Mountains at St. Helena, about 
eight hundred Yards above the Level of the 
Sea, found that the Quantity of Vapour which 
fell there (even when the Sky was clear) was 


1 Memoirs of the Royal Academy of Sciences for the Year 
1093. - „ 7: 
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ſo great that it very much impeded his Obſer. 
vations, by covering his Glaſſes with Water 
every Half-quarter of an Hour; and upon that 
attempted to determine by Experiment the 
Quantity of Vapour exhaled from the Surface 
of the Sea, as far as it riſes from Heat; in or- 
der to try, whether that might be a ſufficient 
Supply for the Water continually diſcharged by 
Fountains. The Proceſs of his Experiment was 
as follows : He took a Veſſel of Water falted to 
the fame Degree with that of Sea-Water, in 
which he placed a Thermometer; and by means 
of a Pan of Coals, brought the Water to the 
fame Degree of Heat, which is obſerved to be 
that of the Air in our hotteſt Summer; this 
done, He affixed the Veſſel of Water, with the 


7 Thermometer in it, to one End of a Pair of 


Scales, and exactly counterpoiſedit with Weights 
on the other: Then, at the End of two Hours, 
he found by the Alteration made in the Weight 
of the Veſſel, that about a fixtieth Part of an 
Inch of the Depth of the Water was gone off 
in Vapour; and therefore, in twelve Hours, one 
tenth of an Inch would have gone off. Now 
this accurate Obſerver allows the Mediter- 
ranean Sea to be forty Degrees long, and four 
broad; (the broader Parts compenſating for 
the narrower; fo that its whole Surface is one 
hundred and fixty ſquare Degrees ;) which ac- 
cording to the Experiment muſt yield at leaſt 
five thouſand two hundred and eighty m_—_ 
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of Tuns of Water. In which Account, no 
| Regard is had to the Wind, and the Agitation 
of the Surface of the Sea; both which un- 
doubtedly promote the Evaporation. 

| It remained now, to compare this Quantity 
of Water with that which is daily conveyed 
into the ſame Sea by the Rivers. The only 
Way to do which, was to compare them with 
ſome known River; and accordingly he takes 
bis Computation from the River Thames, and, 
to avoid all Objection, makes Allowances, 
probably greater, than what were abſolutely 
neceſſary. 

Ihe Mediterranean receives the following 
$ conſiderable Rivers, v/2. the Tberus, the Rhone, 
the Tyber, the Po, the Danube, the Neiſter, 
the | e the Tanais, and the Nile. 
Each of theſe he ſuppoſes to bring down ten 
EZ Times as much Water as the Thames; whereb 
be allows for ſmaller Rivers, which fall into 
the ſame Sea. The Thames then ht finds by 
Menſuration to diſcharge about 20,300,000 
Tuns of Water a Day. If therefore the above- 
ſaid nine Rivers yield ten Times as much Wa- 
ter as the Thames doth, it will follow, that all 
of them together yield but 1827 Millions of 
Tuns in a Day ; which is but little more than 
one Third of what is proved to be raiſed in 
Vapour out of the Mediterranean in the fame 
Time. We have therefore from hence a Source 


abundantly ſufficient for the Supply of Foun- 
tains, 


Now 
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No having found that the Vapour exhaled 
from the Sea, is a ſufficient Supply for the 
Fountains ; he proceeds in the next Place to 
conſider the Manner in which they are raiſed, 
and how they are condenſed into Water again, 
and conveyed to the Sources of Springs. 

In order to this he conſiders, that, if an 
Atom of Water was expanded into a Shell 
or Bubble, ſo as to be ten Times as big in 
Diameter as when it was Water, that Atom 
would become ſpecifically lighter than Air; 
and therefore would riſe fo long as the Warmth 
which firſt ſeparated it from the Surface of 
the Water, ſhould continue to diſtend it to 
the ſame Degree; and conſequently, that Va- 
5 may be raiſed from the Surface of the 

ea in that Manner F, till they arrive at a cer- 
tain Height in the Atmoſphere, at which they 


find the Air of equal ſpecific Gravity with 


themſelves. Here they will float, till being 
condenſed by Cold, they become ſpecifically 
heavier than the Air, and fall down in Dew, 


or being driven by the Winds againſt the Sides 


of Mountains (many of which far ſurpaſs 
the uſual Height to which the Vapours would 
of themſelves aſcend) are compelled by the 


Stream of the Air to mount up with it 


to the Tops of them; where being condenſ- 
ed into Water they preſently precipitate, and 


+ See this confuted in Diſſertation 6. 


gleeting 


B 
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gleeting down by the Cranies of the Stone, 
Part of them enters into the Caverns of the 
Hills ; which being once filled, all the Over- 
plus of Water that comes thither, runs over 
by the loweſt Place, and breaking out by the 
Sides of the Hills, forms ſingle Springs. Many 
of theſe running down by the Vallies between 
the Ridges of the Hills, and coming to unite, 
form little Rivulets or Brooks : Many of theſe 
again meeting in one common Valley, and 
gaining the plain Ground, being grown leſs 
rapid, become a River; and many of theſe 
being united in one common Channel, make 
ſuch Streams as the Rhine and the Danube; 
which latter, he obſerves, one would hard] 
think to be a Collection of Water condenſed 
out of Vapour, unleſs we conſider how vaſt a 
Tract of Ground that River drains, and that 
it is the Sum of all thoſe Springs which 
break out on the South Side of the Carpa- 
thian Mountains, and on the North Side of 
the immenſe Ridge of the Alps; which is one 
continued Chain of Mountains from Switzer- 
land to the Black Sea. 
Thus one Part of the Vapours, which: are 
blown on to the Land, is returned by the Ri- 
vers into the Sea, from whence it came; ano- 
ther Part falls into the Sea before it reaches 
the Land; and this is the Reaſon, why the 
Rivers do not return ſo much Water into 
the Mediterranean as is raiſed in Vapour. 
A third Part falls on the Low-Lands, and 4 
| the 


Is 
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the Pabulum of Plants, where yet it does not 
reſt; but is again exhaled in Vapour by the 
Action of the Sun, and is either carried by the 
Winds to the Sea, to fall in Rain or Dew there, 
or elſe to the Mountains, to become the Sources 
of Springs. | 5 
However, it is not to be ſuppoſed that al 
Fountains are owing to one and the ſame Cauſe; 
but that ſome proceed from Rain and melted 
Snow, which ſubſiding through the Surface of 
the Earth, makes its Way into certain Cavities, 
and thence iſſues out in the Form of Springs; 
becauſe the Waters of ſeveral are found to in- 
creaſe and diminiſh in Proportion to the Rain 
which falls : That others again, eſpecially ſuch 
as are ſalt, and ſpring near the Sea-ſhore, owe 
their Origin to Sea-Water percolated through 
the Earth; and ſome to both theſe Cauſes: 
Though without doubt moſt of them, and eſ- 
pecially ſuch as ſpring near the Tops of high 
Mountains, receive their Waters from Vapours, 
as before explained *. 


* There is a certain Species of Springs which ebb and flow 
alternately, and ſome that ceaſe to flow for a Time, which from 
thence are called reciprocating or intermitting ones. Their Re- 
ciprocations may be accounted for in the following Manner. 

Let ABC repreſent one Side of an Hill, in which there 1s a 
Cavity DEF, and from this a ſubterraneous Duct IKL. Now 
as this Cavity fills with Water (ſuppoſe from Vapours perco- 
lating through the Surface of the Hill, or in any other Manner 
whatever) its Surface will riſe in the Du as it does in the Ca- 
vity, till it arrives at M, the Level with the upper Part of the 
Duct; at which Time it will run over at K, filling KLA the 
other Part of the Duct. Now if the perpendicular Height of 
the Point K above L (or rather above A) be greater than its per- 
N | pendicular 
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erpendicular Height above I, the Column KLA will overpoiſe 
e Column KI, and ſo cauſe the Water to run out at A, till its 
Purface in the Cavity ſinks as far as I (provided the Du& is 
E large enough to convey the Water away faſter than it enters the 
Cavity) at which Time the Fountain at A will ceaſe to play, till 
the Surface of the Water in the Cavity riſes again to M, and 
runs over at K as before. The Reaſon why the Water continues 
running (when the Duct is once full) till its Surface ſinks to I, 
is becauſe the Air preſſing againſt it as it runs out at A, and alſo 
upon its Surface in the Cavity, keeps the Du full, as long as 
the Water in the Cavity is high enough to feed its Orifice at I. 
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BE Sce more on this Subject in Philoſoph. Tranſat. No. 119, 
189, 192, 384, 424. Hiſtoire de PAcad. 1693, 1703, 1713. 
BS Gulielmin: della Natura de Fiumi. Dale's Hiſtory of Harw:ch. 
Marriotte's Hydroſtatics. Nieuzventyt Contempt. 19. Vareniu- 
Ceograph. Cap. 16. Regnault, Vol. 2. Converſat. 6. Hales's 
Statical Eſſays, Vol. 1. Experiment 19. Micholettus in Append. 
EE ad 7. Bernouilli de Efferveſc. 
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DISSERTATION IV. 
Of the Barometer. 


* 


of the Conſtruction of the common Barome- 
ter; and proved, that the Aſcent and Suſ- 


penſion of the Mercury therein, is owing to 


the Preſſure * of the Air. I proceed now to 


a more particular Inquiry into the Original, 


and Uſe of this Inſtrument; and the diffe- 
rent Forms under which it has appeared, ſince 
the Time of its Inventor Torricelli. 

In 


* To fay the Aſcent and Suſpenſion of the Mercury is owing 
to the Preflure and Elaſticity of the Air, as is commonly done, is 
Inaccurate. The Variation, indeed, in the Height of the 23 
may be aſcribed to the Elaſticity of the Air, but no otherwiſe, 
than as to its remote Cauſe, wiz. as it occaſions an Alteration in 
the Quantity of Air, impending over the Place where the Varia- 
tion happens which alters its Weight, and ſo the Mercury 15 
proportionably raiſed or depreſſed. To illuſtrate this, let it be 
ſuppoſed, that the Air is every where in Aquilibrio, quite round 
the Globe, and at perfect Reſt; and then, that its Elaſticity, in 


ſome one Place near the Surface of the Earth, is augmented by the 


Heat of the Sun, all the reſt of it remaining as before. The Con- 
ſequence of this will be, that the ſuperior Part of the Atmoſphere, 


over this Place, will be raiſed higher by the Expanſion of the 
inferior Air; and therefore, being unconfined, will ſpread itſelf, 


every Way, over the neighbouring Columns, which we ſuppoſe 
to retain their former State. The Quantity of Matter therefore 
in thoſe Columns of Air, in whoſe lower Perts its Elaſticity 


was increaſed, will be aiminiſhed, and that of the peighbou' tag! 
| 1 Ones 


IN treating of the Properties of the Air, 
(Chap. III.) I have already taken Notice 
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84. Of the Barometer. Part II. 
Id the Beginning of the laſt Century it was 
a prevailing Opinion among Philoſophers, that 
the Univerſe was full of Matter; and that Na. 
ture (as they expreſſed it) abhorred a Yacy- 
um: Accordingly they imagined, that if a 
Fluid was ſucked up a Pipe with a ſufficient 
Force, it would riſe to any Height whatever; 
ſince Nature would not ſuffer any Part of the 
Pipe to be empty. Galilæo, who flouriſh 
ed about that Time, found upon Trial, that 
the common Pump would not raiſe Water, 
unleſs the Sucker reached within three and 
thirty Feet of its Surface in the Well *: From 
| | hence 


ones augmented. A Barometer therefore placed in thoſe Re. 
glons, where the Air was rarefied, will ſubſide; while one in 
the neighbouring Countries will aſcend; and they will continue 
at different Heights, till the denſer Air, ruſhing in upon the rare- 
fied, reſtores the Æguilibrium. Thus we ſee, the Variation of 
the Air's Elaſticity is not the immediate Cauſe of the Variation in 
the Barometer; it firſt affects the Weight of the Air, by altering 
the Quantity incumbent over any Place, and that affects the Ba- 
rometer. But, if we may have Recourſe to remote Cauſes, we 
may, if we pleaſe, go one Step farther ; and ſay, the Aſcent and 
Suſpenſion of the Mercury is owing to the Heat of the Sun; 
for, by the foregoing Inſtance, a Variation in the Heat of the 
Sun may ſometimes be the Occaſion of a Variation in the Height 
of the Mercury. | | | 
Neither is the Suſpenſion of the Mercury, in a Tube, that i; 
kept within Doors, to be aſcribed to the Elaſticity of the Air; for 
that exerts no Force, but as the internal Air is prefſed by the exter- 
nal, which endeavours to get in, wherever it can find a Way. 
It is a common Notion, that a ſucking Pump will not raiſe 
Water abore thirty-three Feet, whereas it will raiſe it to any 
Height whatever, if the Sucker reaches within thirty-three Feet of 
the Surface of the Water, as will be evident to any one that con- 
&ders the Structure of the Pump: For all the Water, which bas 


once 
\ 
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hence he judiciouſly inferred, that a Column 


of Water thirty-three Feet high was a Coun- 


terpoiſe to a Column of Air of an equal Baſe, 
whoſe Height extended to the Top of the At- 


moſphere; and that, for this Reaſon, the Wa- 


ter would not follow the Sucker any farther. 
Torricell;, obſerving this, took the Hint; and 
conſidered, that, if a Column of Water of 
about thirty-three Feet was equal in Weight 


to a Column of Air of the ſame Baſe*; a 


Co- 
once paſſed through the Valve in the Sucker, is ſupported by 
that, as the Sucker is drawn up, and as the Sucker is let down it 
together with the Water between that and another placed in the 
Pump below, is ſupported by that other ; fo that the Height of 
the Water above the Sucker can be no Impediment to the riſing 
of the Water below the Sucker, whatever the Length of the 


Column, which it forms, may be. The placing one Pump 


above another, where Water is to be raiſed from great Depths, 
is rather for Strength and Conveniency, than out of Neceſſity. 
Perhaps it may be enquired here, how it comes to pals, that 


the Column of Air, which preſſes upon the ſtagnant Mercury in 


the Baſon, is always ſuppoſed to have an equal Baſe with the 
ſuſpended Column in the Tube ; whereas, in Reality, its Baſe is 
equal to the Surface of the ſtagnant Mercury? The Reaſon is, 
that, as the Baſe of the Column of Air increaſes, in the ſame 
Proportion the Velocity, wberewith it deſcends, decreaſes, when 


it forces down the Surface of the Mercury in the Bafon ; conſe- 


quenily its Moment, or Preſſure upon the Surface of the ſtagnant 
Mercury (fo far as it relates to the ſuſpending of it in the Tube) 
is no greater, than it would have been, had its Baſe been equal 
to that of the ſuſpended Column; and therefore, in conſidering 


it as ſuſpending a Fluid in a Tube, it is properly enough ſaid 


to be a Column of ſuch a Baſe. 
Neither is this Suppoſition inconſiſtent with the ninth Propoſi- 
tion of the firſt Chapter, where it is demonſtrated, that the Preſ- 
ſure of a Fluid is in Proportion to its perpendicular Height, and 


the Quantity of Surface, againſt which it preſſes. For, as the 


Surface of the Mercury may be contidered as a Baſe on which the 
M 2 Column 
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Column of Mercury, no longer than about 
twenty nine Inches and a half, would be fo too; 
ſuch a Column of Mercury being as heavy, as 
thirty-three Feet of Water. Accordingly he 
tried the Experiment in a Glaſs Tube (in the 
Manner laid down, Chap. III. F. 4.) and 
found it to ſucceed &. The Apparatus he made 

Uk 


Column of Air freſts, ſo the Baſe of the Column of Air may be 
confidered as a Surface againſt which the Mercury preſſes. Theſe 
two being equal, 'tis clear, that only the Relation of the Height 
of the Columns are to be confidered, and not that of their Baſes. 
* Notwithſtanding this clear Proof of the Preſſure of the At. 
moſphere, the Aſſertors of a Plenum would by no Means be 
prevailed upon to allow it to be ſuch; but tried all Ways to 
account for this Phenemenon from ſome other Cauſe. The moſt 
chimerical Solution, and which at the ſame Time gave the ad. 
verſe Party the greateſt Difficulty to overthrow it, was that of 
Linus, He contended, that in the upper Part of the Tube, there 
is a Film, or Rope of Mercury, extended thro' the ſeeming Va- 
cuity, and that the reſt was ſuſpended by it, and kept from falling 
into the Baſon ; and that this Film is able to ſupport about 
twenty-nine Inches of Mercury. He confirms his Hyporhefis by 
the following Experiment: Take, ſays he, a ſmall Tube, open 
at both Ends, ſuppoſe about twenty Inches long; fill this Tube 
with Mercury, ſtopping the lower Orifice with your Thumb: 
Then cloſing the upper with your Finger, and immerging the 
lower in ſtagnant Mercury, you ſhall perceive, upon the Re- 
moval of your Thumb, a mgnifeſt Suction of your Finger into the 
Tube; and the Tube and Mercury will both ſtick ſo cloſe to it, 
that you may carry them about the Room. Therefore, ſays 
he, the internal Cylinder of Mercury in the Tube is not held 
up by the preponderant Air without; for if ſo, whence comes 
ſo ſtrong a Suction, and ſo firm an Adheſion of the Tube to 
your Finger ? | | | t | 
Or if you fill the ſame Tube almoſt full of Mercury, leaving a 

| Bile Space of Air within, and then immerge it in the ſtagnant 
Mercury, you will find, that, notwithſtanding its Surface is at 
ſome Diſtance from your Finger, there will be a conſiderable Suc- 
tlon 
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Uſe of, is now the common Barometer, o 
Weather Glaſs “. | 


Tux Mercury ſtanding at a leſs Height, the 
nearer it is carried to the Top of the Atmoſphere, 


tion of it, as before. From hence he infers, that the Finger 
ſupports the Mercury, by Means of the above-mentioned Film, 
and that the Preſſure of the Atmoſphere is not concerned, | 
But, when ic was found, that the Mercury would not ſtand 
ſo high in the Tube, on the Top of a Mountain, as below ; 
and would quite fall, when the circumambient Air was extracted 
from it by the Pump, all ObjeQions vaniſhed ; and Linus's fu- 
nicular Hypotheſis (as it is called) though it ſeemed to ſolve all 
other Phenomena relating to the Suſpenſion of the Mercury, was 
with Juſtice rejected. 5 

Kircher, when this new Doctrine of a Vacuum was firſt advan- 
ced at Rome, contended, that the Authors of it were eſtabliſhing 
Principles not only repugnant to thoſe of Nature, but ſuch as 
would be prejudicial to the Orthodox Faith; as endeavouring to 
evince, by this ſubtle Experiment, that there might be in Nature 

| hecatum fine loco, accidentia fine ſubjeAo, and therefore made the 
Experiment with Water, in the following Manner. He cauſed a 
ſma!l Bell to be fixed in the upper Part of the Tube, imagining, 
that, if there ſhould be a Vacuum, the Bell would not be made 
to ſound : But in making the Experiment, ſome Air got into the 
Tube (for he tells us, that but ten Feet of Water remained in the 
Tube after it was inverted) the Bell therefore was heard to 
ſound ; and ſo the Notion of a Vacuum, till more accurate Expe- 
riments evinced the contrary, was exploded with Contempt. 
 * Huygens obſerved, that, if a Tube ſeventy-five Inches long, 
was filled with Mercury well purged of its Air, the whole Quan- 
tity of Mercury would remain ſuſpended ; whereas, according to 
the Torricellian Experiment, the Mercury ought to have ſubſided 
to the Height of about twenty-nine Inches. 

The Cauſe of this Phænomena ſeems to be, that, by the great 
Weight of ſo long a Column of Mercury, it was preſſed into fo 
cloſe Contact with the Glaſs in pouring in, that by the mutual 
Attraction of Coheſion between the Mercury and the Glaſs, the 
whole Column was ſuſtained, after the Tube was inverted. 


M3 (Chap. 


88 ' Of the Barometer. Part II. 
(Chap. III. §. 7.) renders it uſeful in determin- 
ing the Height of Mountains; and finding out 
the different Elevation of one Place above ano. 
ther. Accordingly, Dr. Halley has given us a 
Table for that Purpoſe, in the Philoſaphical 
Tranſactions Ne 181, ſhewing how many Feet 
each Inch in the Deſcent of the Mercury an- 
ſwers to, as it is conveyed to the Top of a Moun- 
tain, or other elevated Place. And Dr. Nettleton 
has done the like in the Philoſophical Tranſac- 
tions Ne 388, ſhewing what Number of Feet 
anſwers to each tenth Part of an Inch, from 
twenty-ſix to thirty-one Inches of Mercury. 
Bur the principal Uſe of it is, to eſtimate 
the Gravity of the Air at different Times, in 
Order to foreſee the Alterations of the Wea- 
ther, which are conſequent thereon. To this 
End, Dr. Halley, in the ſame Tranſaction, has 
alſo laid down the more remarkable Phæno- 
mena, relating to the different Heights of the 
Mercury at different Times, together with the 
Solution of each; which are ſo juſt, and ſo 
agreeable to true Philoſophy, that I doubt not 
but the Reader will excuſe me for giving his 
Account in his own Words, rather than to 
render it imperfect, by endeayouring to vary 
from it, or abridge it. Dn | 


& 1, In calm Weather, when the Air is in- 

„ clined to Rain, the Mercury is commonly 
low. | 

C 2, IN 
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% 2, In ſerene, good, and ſettled Weather, 
the Mercury is generally high. 
« 3, Upon very great Winds, though they 
be not accompanied with Rain, the ions 
ſinks loweſt of all, with Relation to the 
Foint of the Compaſs the Wind blows upon. 
. Czteris paribus, the greateſt Heights 
of the Mercury are found upon eaſterly and 
north. eaſterly Winds. 
IN calm froſty Weather, the Mercury 
jr ſtands high. 
« 6. AFTER very great Storms of Wind, 


when the Mercury has been low, it gene- 


rally riſes again very faſt. 


« 7. THE more northerly Places have greater 


Alterations of the Barometer, than the 


more ſoutherly. 


„8. Wirnix the Tropics, and near them, 


thoſe Accounts we have had from others, 
and my 'own Obſervations at St. Helena, 


make very little or no Variation of the 
Height of the Mercury in all Weathers. 


„ Hexce I conceive that the principal Cauſe 
of the Riſe and Fall of the Mercury, is from 
the variable Winds, which are found in the 


temperate Zone, and whoſe great Uncon- 
ſtancy, here in England, is molt notorious. 


* A ſecond Caule is the uncertain Exhalation 


and Precipitation of the Vapours lodging in 


the Air, whereby it comes to be at one Time 
much more crouded than at another, and 


M 4 con- 
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60 conſequently heavier, but this latter in a great 
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$ laid them down. Thus, 


France it ſhould blow a northerly Wind, 


[ 


Meaſure depends upon the former. Now, 
from theſe Principles, I ſhall endeavour to 
explicate the ſeveral Phenomena of the Ba- 
rometer, taking them in the ſame Order [ 


« 1. TE Mercury's being low inclines it 
to rain, becauſe, the Air being light, the 
Vapours are no longer ſupported thereby, 
being become ſpecifically heavier than the 
Medium wherein they floated, ſo that they 
deſcend towards the Earth, and in their Fall, 
meeting with other aqueous Particles, they 
incorporate together, and form little Drops 
of Rain; but the Mercury's being at one 
Time lower than at another, is the Effect of 

two contrary Winds blowing from the Place 
where the Barometer ſtands; whereby the 
Air of that Place is carried both Ways from 
it, and, 52558 the incumbent Cylin- 
der of Air is diminiſhed, and accordingly the 
Mercury ſinks: As for. Inſtance, if in the 
German Ocean it ſhould blow a Gale of 
weſterly Wind, and at the fame Time an 
eaſterly Wind in the Jriſb Sea; or if in 


and in Scotland a ſoutherly; it muſt be 
granted, that that Part of the Atmoſphere, 
impendant over England, would thereby be 
exhauſted and attenuated, and the Mercury 
would ſubſide, and the Vapours, which be- 

& fore 
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fore floated in thoſe Parts of the Air of 
equal Gravity with themſelves, would fink 
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to the Earth. 


« 2, THE greater Height of the Barometer 


is occaſioned by two contrary Winds blow- 
ing towards the Place of Obſervation, where- 


by the Air of other Places is brought thither 


and accumulated ; ſo that the incumbent 
Cylinder of Air, being increaſed both in 
Height and Weight, the Mercury preſſed 
thereby muſt needs ſtand high, as long as 
the Winds continue ſo to blow; and then 
the Air being ſpecifically heavier, the Va- 
pours are better kept ſuſpended, ſo that they 
haye no Inclination to precipitate and fall 
down in Drops, which is the Reaſon of the 
ſerene good Weather . which attends the 
greater Heights of the Mercury. 

Tun Mercury ſinks the loweſt of all by 


the very rapid Motion of the Air in Storms 


of Wind. For the Tract or Region of the 
Earth's Surface, wherein the Winds rage, 


not extending all round the Globe, that 
ſtagnant Air which is left behind, as like- 
wile that on the Sides, cannot come in ſo 


faſt as to ſupply the Evacuation made by fo 
ſwift a Current, ſo that the Air muſt 4 5 


ſarily be attenuated, when and where the 


ſaid Winds continue to blow, and that more 


or leſs, according to their Violence: Add 


to which, that the horizontal Motion of the 


5 cc Air 
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« Air being ſo quick as it is, may, in all Pro. 
bability, take off ſome Part of the perependi. 
e cular Preſſure thereof; and the great Agi. 
te tation of its Particles is the Reaſon why the 
te Vapours are diſſipated, and do not eondenſt 
« into Drops, fo as to form Rain, otherwiſe 
te the natural Conſequence of the Air's Rare. 
„ faction '®, 1 

« 4. Tur Mercury ſtands the higheſt upon 
<« the eaſterly and north-eafterly Wind, be. 
<* cauſe in the great Allantic Ocean, on this 
« Side the thirty-afth Degree of north La- 
<« titude, the Winds are almoſt always weſter- 
ly or ſouth-weſterly; ſo that, whenever 
« here the Wind comes up at eaſt and north- 
« eaſt, tis ſure to {be checked by a contrary 
Gale as ſoon as it reaches the Ocean; where- 
* fore, according to what is made out in our 
« ſecond Remark, the Air muſt needs be heap- 


* 


* 


The Reaſon the Doctor aſſigns for the ſinking of the Mer- 
cury the loweſt of all in violent Storms of Wind, ſeems not ſuf. 
ficient. > Perhaps it may be better accounted for thus; the Cauſe 
why the Wind blows at all, is in order to reſtore the AZguilibrium 
of the Atmoſphere, when loſt (as may be inferred from what was 
ſaid in the firſt Note of this, and will be more largely explained in 
the following Diſſertation ;) it therefore always blows towards 
that Point, where the Air is moſt rarefied and lighteſt, Now the 
Air, in its Progreſs to that Point, muſt certainly move faſter and 
faſter; for the Cauſe which gave it Motion at firſt, continues to 
act upon it all the Way. Conſequently, in whatever Place the 
Wird blows with great Rapidity, that Place is at, or near the 
Point, where the Air is moſt rarefied and lighteſt; which is a 
{uflicientReaſon for the Mercury's ſtandipg low at that Place. 3 
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ed over this Iſland, and conſequently the 
Mercury muſt ſtand high, as often as theſe 


Winds blow. This holds true in this Coun- 


try, but is not a general Rule for others, 
where the Winds are under different Cir- 
cumſtances ; and I have ſometimes ſeen the 
Mercury here as low as twenty-nine Inches 
upon an eaſterly Wind, but then it blew ex- 
ceeding hard, and fo comes to be accounted 
for, by what was obſerved upon the third 
A F 

« 5. In calm froſty Weather the Mercury 
generally ſtands high, becauſe (as I con- 
ceive) it ſeldom freezes, but when the Winds 
come out of the northern, and north-eaſtern 


Quarters; or, at leaſt, unleſs thoſe Winds 


blow at no great Diſtance off: For the 
north Parts of Germany, Denmark, Swe- 


den, Norway, and all that Tract from 


cc 


whence north-eaſtern Winds come, are 
ſubject to almoſt continual Froſt all the 
Winter; and thereby the lower Air is very 


much condenſed, and in that State is brought 


hitherwards by thoſe Winds, and being ac- 


cumulated by the Oppoſition of the weſter- 


ly Wind blowing in the Ocean, the Mer- 
cury muſt needs be preſſed to a more than 
ordinary Height; and, as a concurring 


Cauſe, the ſhrinking of the lower Parts of 
the Air into leſſer Room by Cold, muſt 


« needs 
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«© needs cauſe a Deſcent of the upper Parts of 


cc 
ec 


3 


640 
cc 


1 


cc 
cc 


cc 


cc 


ce 
(C 


ec 


the Atmoſphere, to reduce the Cavity made 
by this Contraction to an Æquilibrium. 

« 6. AFTER great Storms, when the Mer. 
cury has been very low, it generally riſes 
again very faſt: J once obſerved it to riſe 
one Inch and a half in leſs than fix Hours, 
after a long continued Storm of ſouth-weſt 
Wind. The Reaſon is, becauſe the Air be- 
ing very much rarefied, by the great Eva- 
cuations which ſuch continued Storms make 
thereof, the neighbouring Air runs in the 
more ſwiftly, to bring it to an Æquilibri- 
um; as we ſee Water runs the faſter for 
having a greater Declivity. 

* 7. THz Variations are greater in the more 


. northerly Places, as at Sockholm, greater 


than that at Paris (compared by M. Paſ- 
chal;) becauſe the more northerly Parts 
have uſually greater Storms of Wind than 
the more ſoutherly, whereby the Mercury 


| ſhould fink lower in that Extream ; and 


then the northerly Winds bringing the more 
denſe and ponderous Air from the Neigh- 
bourhood of the Pole, and that again being 
checked by a ſoutherly Wind at no great 
Diſtance, and ſo heaped, muſt of Neceſſity 
make the Mercury in ſuch Caſe ſtand higher 
in the other Extream. 6 


« 8, LASTLY, 
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« 8, LASTLY, this Remark, That there is 
« little or no Variation near the Eguinoctial, 
« does above all others confirm the Hypothe- 

« 5 of the variable Winds being the Cauſe of 
« theſe Variations of the Height of the Mer- 
© cuty; for, in the Places above-named, there 
« js always an eaſy Gale of Wind blowing 
ce nearly upon the ſame Point, vi. eaſt-north- 


« eaſt at Barbadbes, and eaſt-ſouth-eaſt at St. 


Helena *, ſo that, there being no contrary 


« Currents of Air to exhauſt or accumulate 


« it, the Atmoſphere continues much in the 
© fame State: However, upon Hurricanes (the 
© moſt violent of Storms) the Mercury has 
been obſerved very low, but this is but 
« once in two or three Years, and it ſoon re- 
© covers its ſettled State, about 295 Inches.” 


Monſieur Leibnitx accounted for the De- 
| ſcent of the Mercury before Rain, upon an- 
other Principle +, v7z. as a Body ſpecifically 


age than a Fluid, while it is ſuſpended by 


t, adds more Weight to that Fluid, than 


whe by being reduced in its Bulk, it be- 


comes ſpecifically heavier, and Seed ſo 


the Vapour, after it is reduced into the Form 
of Clouds, and deſcends, adds leſs Weight to 


the Air, than before; and therefore the Mer- 


See the Cauſe of this aſſigned in the following Diſſertation. 


+ Memoir. de V'Acad. 1711. 
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cury falls. To which it is anſwered, 1% 
That, when a Body deſcends in a Fluid, its Mo. 
tion, in a very little Time, becomes uniform, 
(or nearly ſo) a farther Acceleration of it be- 
ing prevented by the Reſiſtance of the Fluid, 
and then, by the third Law of Nature, it preſſe 
the Fluid downwards, with a Force equal 
to that whereby it tends to be farther accele- 
rated, that is, with a Force equal to its whole 
Weight. 2dly, The Mercury, by its Deſcent, 
foretells Rain a much longer Time before it 
comes, than the Vapour, after it is condenſed 
into Clouds, can be ſuppoſed to take up in 
falling. 3dly, Suppoſing that as} many Va- 
pours as fall in Rain, during the Space of a 
whole Year, were at once to be condenſed 
into Clouds, and even quite ceaſe to gravitate 
upon the Air, its Gravity would ſcarce be di- 
miniſhed thereby, ſo much as is equivalent 

to the Deſcent of two Inches of Mercury in 
the Barometer. Farther, in many Places be- 
tween the Tropics, the Rains fall at certain 
Seaſons, in very great Quantities *, and yet the 
Barometer ſhews there very little or no Altera- 
tion in the Weight of the Air. jg 
Tux following are Mr. Patrick's Obſerva- 
tions on the riſing and falling of the Mercury. 
They are very juſt, and are to be accounted 


* See Diſſertation the V Itch. 
for 
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for on the ſame Re with thoſe * Dr. 
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« 1. T HE riſing of the Mercury preſages i in 


general fair Weather; and its falling, foul 


Weather; as Rain, Snow, high Winds and 
Storms. 
« 2, Id very hot Weather, the falling of 


the Mercury foreſhews Thunder. 
. In Winter, the riſing preſages Froſt ; 


$i in froſty Weather, if the Mercury falls 


three or four Diviſions, there will certain- 

follow a Thaw. But in a continued 
Froſt, if the Mercury riſes, it will certainly 
ſnow. 

* 4. WHEN foul Weather happens ſoon after 
the falling of the Mercury, expect but little 
of it. And, on the contrary, expect but 
little fair Weather, when it proves fair 
ſhortly after the Mercury has riſen. 

. In foul Weather, when the Mercury 
as; much and high, and ſo continues for 
two or three Days before the foul Weather 
is quite over, then expect a Continuance of 
fair Weather to follow. 
* 6, In fair Weather, when the Mercury 
falls much and low, and thus continues for 
two or three Days before the Rain comes, 


then expect a great deal of wet, and pro- 


bably 94 8 Winds, 


« 7. Tux 
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4 7. Tux unſettled Motion of the Mercury 
« denotes uncertain and changeable Weather. 

8. You are not ſo ſtrictly to obſerve the 
« Words engraved on the Plates (though, fe 
«© the moſt Part, it will agree with them) 4 
e the Mercury's Rifing and Falling: For if 
it ſtands at Much Rain, and then riſes up 
* to Changeable, it preſages fair Weather, al. 
e though not to continue ſo long as it would 
| « have done, if the Mercury were higher: 

« And ſo on the contrary, if the Mercury 
e ſtood at Fair, and falls to Changeable, it 
* preſages foul Weather; though not ſo much 
« of it, as if it had ſunk down lower.” 


FRoM theſe Obſervations, it appears, That 
it is not ſo much the Height of the Mercury 
in the Tube, that indicates the Weather, as the 
Motion of it up and down; wherefore in Or- 
der to paſs a right Judgment of what Weather 
is to be expected, we ought to know, whe- 
ther the Mercury is actually Riying or Falling; 
to which End, the following Rules are of 
Uſe. 

1. Ir the Sarfice of the Mercury is convex, 
ſtanding higher in the Middle of the Tube 
than at the Sides, it is generally a Sign that 
the Mercury is then riſing. 

2. IF the Surface is concave, or hollow in 
the Middle, it is finking. And, 


3b 
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3. Ir it is plain the Mercury is ſtationary, 
or rather, if it is T little convex; for Mercury 
being put into a Glaſs Tube, eſpecially a ſmall 
one, will naturally have its Surface a little con- 
vex ; becauſe the Particles of Mercury attract 
each other more forcibly than they are attracted 
by Glaſs. Further, 

Ir the Glaſs is ſmall, ſhake ths T os "+08 
and if the Air is grown heavier, the Mercury 
will riſe about half the tenth of an Inch higher, 
than it flood before; if it is growing lighter, 
it will fink as much. - This proceeds from the 
Mercury's ſticking to the Sides of the Tube, 
which prevents the free Motion of it, till it is 
diſengaged by the Shock. And therefore, when 
an Obſervation is to be made with ſuch a Tube, 
it ought always to be ſhaken firſt ; for ſome- 
times the Mercury will not vary of its own 
Accord, till the Weather, it auen to have in- 
dicated, is preſent. 


TRE Uſefulneſs of knowing whether the 


Mercury is actually riſing or falling, and the 


Advantage that would ariſe from perceiving 
the moſt minute Variations in eſtimating the 
Heights of Places, have given Occaſion to the 
Invention of ſeveral Kinds of Barometers differ- 
ent from the Torricellian, though founded on 
the ſame Principle ; - wherein the Scale of Vari- 
anon, which 1 in that is not above three Inches, 
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ſhould be conſiderably larger. which I am 


now to give ſome Account. 


1. TRE firſt is that of Des Cartes, which was 
made in the Form expreſſed, F:g. 28. where 
AB is a Tube hermetically * ſealed at A, and 
having its lower Orifice immerged in ſtagnant 
Mercury EF, and filled with the ſame Fluid 
to G, from thence to H with Water, and emp- 
ty from thence. to the Top. Now, when the 
Mercury riſes in this Tube, ſuppoſe from G to 


L., the Water will be raiſed in the ſmall Tube, 


perhaps from H to M, viz. as many Times 
further, as the Tube CA is ſmaller than CD; 
which Means the Variations become much 


more ſenſible than they are in the common 


Barometer. The Inconvenience of this was, 
that the Air, included in the Water, getting 
looſe by Degrees, filled the void Space at the 


Tap, and ſo ſpoiled the Machine. 


2. Hx then contrived it thus, ABC (Fig. 29.) 
is a bent Tube hermetically ſealed at A, filled 
with Water from F to D (tinged with Aqua 


KRegia to prevent its freezing) from D to E with 
Mercury, and empty from thence to the Top. 


Then, upon the Mercury's riſing, ſuppoſe from 


5 A Tube is ſaid to be beragticnlly ſealed, when the End is ſo. 
cloſed, that nothing can poſſibly evaporate through it. And, be- 
cauſe this is beſt done, when it is cloſed up with its own Sub- 


Nance; or when its Bore does not reach quite to the End of it, 
it is then ſaid to be hermetically ſealed. 


Eto 
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E to M, and falling as much at D, the Surface 

of the Water at F would fink fo many Times 
farther than the Surface of the Mercury at D, 
as the Tube CG was fmaller than GH. The 
Water here is liable to evaporate, though that 
may, in ſome Meaſure, be prevented, by pour- 


ing a few Drops of Oil of ſweet Almonds 


upon it. Others have contrived, 

= 23. Tur Horizontal or Rectangular Barome- 
ter (Fig. 30.) hermetically fealed at A, and 
= filled witn Mercury from D to E; then, as the 
upper Surface of it riſes in the Tube, ſuppoſe 
from E to F, the lower will be driven from D 
to G, as many Times farther, as this Part of 


the Tube is leſs than that at E. But it often 


happens, that ſome Parts of the Mercury break 
off from the reſt in the Leg BC, and are left 
behind. This Inconvenience is remedied in, 

4. Tur Diagonal Barometer ABC (Fig. 31.) 
wherein the Mercury, inſtead of riſing from B 
to D (ſuppoſe that Space to correſpond to the 
Scale of Variation in a ſtrait Tube) will riſe 
from B to A; for it will always ſtand at the 
= fame perpendicular Height, whatever be the 
= inclination of the Tobe; becauſe Fluids preſs 
only according to their perpendicular Alti- 
tude v. But AB the upper Part of the Tube 
muſt not be much inclined, left the Mer- 
Cury break in it) as in the former. | 
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5. AB (Pig. 32.) is Dr. Rook's Wheel. 
Barometer, wherein ABD is a Tube filled 
with Mercury froma to E; a is an Iron Ball | 
ſwimming on the Surface of the Mercury; this 
as it ſubſides with the Surface of the Mercury, 
draws the little Wheel z u round, to whoſe _ 
Circumference it is fixed by Means of the 
String a c *: This Wheel carries the Index 
PQ, which points to the graduated Edge of 
the Circle KL, and by its Motion ſhews the 
moſt minute Variations of the-Mercury. When 
the Ball @ is raiſed by the Mercury on which 
it ſwims, the Index is drawn the contrary 
Way by a leſſer Ball 6, which hangs on the 
other Side the Wheel. The Friction in this 
Machine, unleſs it be made with great Accu- 
racy indeed, renders it uſeleſs. 
e pendant Barometer is another Con- 
trivance to render the Variations more ſenſible. 
It conſiſts of a ſmall conical Tube, (repreſent- 
ed Fig. 33.) hermetically ſealed at A, and filled 
with Mercury from C to D, and empty from 
_ thence to A. Now, ſuppoſing the Gravity of 
the Air increaſed, it will raiſe the Mercury 
higher in the Tube, and fo force it into a nar- 


rower Part; by which Means the Column be- 


coming longer, its perpendicular Preſſure upon 
the Air. below will be reren increaſed. 


12 
» The Tube is falls at a . . at E, that the greateſt Vari- 
ation may be at that Surface of the Mercury on which the Ball 


reſts, 
On 


r 
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On the contrary, when the Air becomes light- 
er, the Mercury deſcends into a larger Part of 
the Tube, and by that Means has the Length 
of its Column proportionably contracted. The 
Tnconvenience that attends this Barometer, is, 
that the Tube muſt be very ſmall, otherwiſe 
the Mercury will fall out; or the Air will be 


apt to get into it, and divide the Column in 


ſeveral Places; and when the Tube is very 
ſmall, the Friction of the Mercury againſt the 
Sides of it, will hinder it from "my _ falls 
ing freely. . 

7. DR. Hook, eblerving how unfit the com- 
mon Barometer was to be uſed on Board of 
Ship, by Reaſon its Poſition ought to be ſteady, 
contrived the following one, called, from its 
Uſe, a Marine Barometer, conſiſting of two 
Parts, the' one AB (Fig. 34.) the common 
Spirit Thermometer,”the other CD, a Tube fill- 
ed with Air from C to E, and from thence to 
the End D with tinged Water. This End is 
immerged in the ſame Fluid contained in the 


Veſſel GF; and having its Surface expoſed to 


the Preſſure of the external Air. Now, the laſt 
of theſe Machines will be affected both by the 
Warmth of the external Air, and alſo by its 
Preſſure : The former dilating the Air includ- 
edin CE, and by that Means driving the Wa- 
ter downwards; ; the latter prefling it up higher 


in the Tube: Whereas the other, vis. AB, 18 
affected by the Warmth of the Air alone. Con- 
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fequently, were theſe Inſtruments graduated in 
ſuch a Manner, that, if the Gravity of the ex. 
ternal Air ſhould always remain the fame it 
was when the Inſtruments were made, their 
Variations (then only depending on its Warmth) 

ſhould exactly correſpond with each other, 
that is, when the Spirit in the Tube AB 
ſhould aſcend to 1, the Water in CD ſhould 
deſcend to 1, &c. Then, whenever their Va- 
riations ſhould be obſerved to differ from each 
other, the Difference could only be aſcribed 
to ſome Alteration in the Preſſure of the Ayr 
upon the Surface of the Water in the Veſſel 
GF. In Proportion therefore as the Diffe- 
rence is greater, or leſs, ſo is the Alteration in 
the Gravity of the Air, from what it was when 
the Inſtruments were adjuſted. For Inſtance, 
when the Water ſtands above the Diviſion, 
which correſponds to that, which the Spirit 
points to in the other Machine, it is an Indi- 
cation, that the Preſſure of the Air is greater 
at that Time, than when the Inſtruments 
were graduated, and vice verſa. 


| Txa1s Machine is not only more uſeful at 
Sea, than the common one, as not requiring 
a ſteady Pofition ; but may have its Scale of 
Variation confiderably enlarged, by making 
the Bore of the Tube CD very ſmall, in Pro- 
portion to the Capacity of its Head C. 


Bur 
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Bur it is obſerved, that, in long keeping the 
Inſtrument, the included Air loſes ſomewhat 
of its Elaſticity ; whereby, in Proceſs of Time, 
the Water ſtands higher than it ought, and 
therefore indicates the Gravity of the Air to 
be greater than what it is. 

Is the Philoſophical Tranſactions, No 247. 


I have given an Account of a Barometer, 


wherein the Scale of Variation may be in- 


creaſed ad Inſinitum. The Deſcription of it 


is as follows: ABCD (Fig. 35.) is a cylin- 


drical Veſſel, filled with a Fluid to the Height 
W, in which is immerged the Barometer 
SV, conſiſting of the following Parts: The 
principal of which is a Glaſs Tube TP, (re- 
preſented ſeparately at ? p) whoſe upper End 
T is hermetically ſealed : This End does 
not appear to the Eye, being received into 


the lower End of a Tin Pipe GH, which 


in its other End G receives a cylindrical Rod, 
or Tube ST, and thereby fixes it to the Tube 
TP. This Rod ST may be taken off, in 
order to put in its Stead a larger, or leſſer, 
as Occaſion requires. 8 is a Star at the Top 
of the Rod ST, and ſerves as an Index, by 
pointing to the graduated Scale LA, which is 
fixed to the Cover of the Veſſel A B CD. 


MN is a large cylindrical Tube made of 
Tin (repreſented ſeparately at m n) which 
receives in its Cavity the ſmaller Part of 


the Tube TP, and is well cemented to it 
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106 Of the Barometer. Part Il. 
at both Ends, that none of the Fluid may get 
in. 
The Tube 1 , with this Apparatus, being 
filled with Mercury, and plunged into the 
Baſon V, which hangs by two, or more Wires, 
upon the lower End of the Tube MN, muſt 
be to poized, as to float in the Liquor con- 
tained in the Veſſel AB CD, and then the 
whole Machine will riſe, when the Atmo— 
Fes becomes lighter, and vice verſe. 

I SHALL here add a Computation, in order to 
ſhew the Poffibility of the Variation being 
infinite, upon a given finite Variation of the 
Weight of the Atmoſphere, and withal the 
Reaſon why it may be ſo. 'Thoſe who would 


ſee a Mathematical Proof of 1 it, may conſult 
the No! ote below k. 


Lor 


Loet the ſpecific Gravity of Quickſilver be to that of Water, 
or to the Liquor the Barometer floats in, as s to i; and if it be 
propoſed, that the Variations in this compound Barometer ſhall 
be to the contemporary Variations of the common Barometer in 
the given Ratio of x to.1, this Effect will be obtained, by making 
the Diainecer of the Rod ST to the Diameter of the Cavity of the 
| nþ+s5s 
| Tube HI, as /—— to 1, which may be thus demonſtrated, 
15 
Let us pole that the Variation in the Height of the Quick- 
filver in tte common Barometer, which we «ill call v, is ſuch, 
that a cubic Inch of Quickſilver ſhall riſe into the Vacuum XT ; 
in order to which, a cubic Inch of Quickſilver muſt riſe from 
the Veſſel ; that is, the Surface P muſt ſubſide ſo far, that a 
cubic Inch of Water (if that be the Fluid made Uſe of) ſhall 


enter the Veſſel V, by which Means the Barometer with the 


Parts annexed will be heavier by a cubic Inch of the 2 
o. 


2 
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illert. IV. Of the Barometer. 107 
Lr it be ſuppoſed, that the Fluid made uſe 
of is Water, and that the given Variation in 


the W N or” the Atmoſphere 1 18 ſuch, that, 


2 
Low this additional Weight of a cubic Inch of Fluid, will 
make the whole Barometer ſubſide (according to the Law of Hy- 
W Jroliatics) till a cubic Inch of the Rod HS, immediately extant 
above the Surface at W, ſhall come under it; but the Length of 
ſuch a Magnitude of iS will exceed the Length of an equal Mag- 
nitude o. Quickhlver i in the larger Tube X, as many Times as the 
Square of the Diameter at X exceeds the Square of the Diameter 
at H (the Lengths of equal Cylinders being reciprocal to their 
Baſes.) That is the perpendicular Deſcent of the compound Ba- 
rometer will be to v, the perpendicular Aſcent of the Mercury 


in the common Barometer, as 4 to 1 (ſuppoſing this the Ratio | 


of their Baſes) and conſequently will be equal to dv. 


But, by this Deſcent, the Diſtance PW, between the Surface of 


the ſlagnant Quickſilver and the Top of the Fluid, will be aug- 


mented by a Column, whoſe Height is dv, the Deſcent of the 


compound Barometer ; and conſequently the Weight of the whole 
Column of the Fluid preſſing on the lower Surface of the Quick- 
filver (to which the Height X is partly owing) will be increaſed 
by a Column of that Length ; and this Increaſe would produce a 
ſecond Aſcent of the Mercury at X equal to itſelf, namely, dv, 
were the Fluid as heavy as Quickſilver ;' but ſince it is ſuppoſed 
to be wer 3 in the Ratio of 5 to 1, the Aſcent of the CO 
ao” | 
ver, on this n will only be —. 
5 5 | 
But now, as in the former Caſe, when the Aſcent of the Mer- 
cury was v, the Deſcent of the compound Barometer was ſhewn 


to be dv; ſo here, the Aſcent of the Mercury being —, the De- 


ſcent of the compound Barometer will be and the next De- 


d d d 4 $ 


ſcent 


7 IU 1 
fore the whole Deſcent of the compound Barometer, is to the Aſ- 


cent of the Mercury in the common Barometer, that is, 2 is to 1 
dd dad g* „„ 


, and the next —, and ſo on to Infinity. There. 


Bd — + — + — +, Sc. to 1, or #—— to 13 de · 


s SS 53 — 


cave, the Terms of the Series being in geometrical Proportion, 


the 
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200 Of the Barometer. Part 1} 
by preſſing upon the Surface of it at W, the Sur. 
face of the Mercury at X may be raiſed an Inch 
higher (meaſuring from its Surface at P) thay 
before; and that the Breadth of the Cavity of 


the Tube at X, and of the Baſon at P are ſuch, 


that, by this Aſcent of the Mercury, there may 
be a cubic Inch of it in the Cavity X more 
than before, and conſequently in the Baſon x 
cubic Inch leſs. Now, upon this Suppoſition, 
there will be a cubic Inch of Water in the Bu. 
ſon more than there was before; becauſe the 
Water will ſucceed the Mercury to fill up itz 
Place. Upon this Account the whole Ma. 
chine will be render d heavier than it was be- 
fore, by the Weight of a cubic Inch of Wa- 
ter, and therefore will fink, according to the 
Laws of Hydroftatics (Chap. II. F. 5.) till 


cubic Inch of that Part of the Rod WS, which 


ds el & 
the Sum of them all i:. Hence we haver , and there. 


2 | Sod S—d nÞ+s 
fore ns = di + h; that is, 1:d::nþ oat nl; 


| 14 | 
and therefore, by extracting the ſquare Roots of each Term in 


the Proportion, 1 : 4 (that is, the Diameter of ST to the 
; a-þsS 
Diameter of HI) as / — tor. 2. F. D. 
| w Z | | 
Example 1. Putting = 14 and 2 = t, the Variation in each 
8 will be equal, by taking the Diameter of ST to the 
, | 


| 15 | | 
Diameter of HI, as 4/ —to 1, that is, as 30 to 29 nearly. 
Example 2. If à be put infinite, the Diameter of ST will be 
I 


to the Diameter of MI, 23 — to 1, or1to 14; chat is, 
as 1 to 3+ nearly. 7 bs 


was 


Piſſert. V. Of the Barometer. 109 
was above the Surface of the Water at W, 

comes under it. Then, if we ſuppoſe this Rod 
ſo ſmall, that a cubic Inch of it ſhall be four- 
teen Inches in Length, the whole Machine 
will ſink fourteen Inches lower into the Fluid 
than before, and conſequently the Surface of 
the Mercury in the Baſon will be preſſed more 
than it was before, by a Column of Water 
fourteen Inches high. But the Preſſure of 
fourteen Inches of Water is equivalent to one 
of Mercury (becauſe Water is about fourteen 
Times lighter than Mercury); this additional 
Preſſure therefore will make the Mercury aſ- 
cend at X, as much as the ſuppoſed Variation 
in the Weight of the Air did at firſt. This Af 
cent will give Room for a ſecond cubic Inch of 
Water to enter the Baſon; the Machine will 
therefore be again rendered heavier by the 

Weight of fo much Water, and accordingly 
will ſubſide fourteen Inches farther. This will 
occaſion another additional Preſſure of Water, 
which will raiſe another Inch of Mercury, and 
make the Machine fink fourteen Inches more, 
and ſo on, without ever approaching nearer to 
an Equilibrium with the external Air: And 
therefore a Scale, anſwering to the Variation of 
this Barometer, ought ſtrictly and properly to 
be of an infinite Length ; becauſe, after this Ba- 
rometer has ſunk or riſen thouſands of Miles 
(if that were poſſible) it would till have the 
ſame Tendency to ſink or riſe on, as whea it 
firſt ſet out. Ts . 
Now, 
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Now, was the Rod WS ſo ſmall, that a cubic 
Inch of it ſhould be more than fourteen Inches 
long (the other Parts remaining das was ſup. 
poſed above) the Variation in this Barometer 
would be more than infinite, or negative with 
Reſpect to thoſe of the common Barometer. 


The Meaning of which is, that whereas, in the 
common Barometer, the ſuſpended Column of 
Mercury, by its riſing or falling, approaches 


nearer to an Aquilibrium with the external 
Air, this Barometer would continually recede 
from an Aquilibrium with it; ſo that the far- 
ther it ſhould move up or down. inſtead of ac- 
quiring by that Means a leſs Tendency to move 
on, as the Mercury i in the common Barometer 
does, it would acquire a greater. 
DO the contrary, when a cubic Inch of the 
Rod'is leſs than fourteen Inches in Length, 
the Variation will be finite; and may be made 
to bear any Proportion to thoſk of the common 


Barometer whatever, as demonſtrated in the 


bei 8 Note. 


WIILE 1 am writing this, another Method 
occurs to me of making a Barometer, wherein 
the Scale of Variation ſhall bear any Propor- 


tion to that of the common one. It is this: 


Let there be a compound Tube, as ABC (Fig. 
36.) hermetically ſealed at A, and open at C, 
empty from A to D, filled with Mercury from 
thence to B, and from thence to E with Wa- 

ter: 


KW 4g 


Diſſert. IV. Of tbe Barometer. 111 
ter: Then, if the Tube FC be a little more 
than five Times leſs in Diameter than the Tube 
FA, the Variation in the lower Surface of the 
Water at E will be infinite; if it be above ſo 
many Times leſs, it will be more than infinite, 
otherwiſe it will be finite. See the Demon- 
ſtration in the Note “. 3 

Tur 
»Let denote a given Variation in the common Barometer, x 
the correſpondent Variation at E ſought. Let the Ratio of to 
1, expreſs that of the ſpecific Gravity of Mercury, to that of Wa- 
ter; and d to 1, that of the Diameter of the Tube FA to FC. 
W Then the Variation at E, the lower Surface of the Water, being 
= ſuppoſed x, the Variation of it at B, the upper Surface of it, will 
be —, and ages 2 erg. GE, the Difference of the Legs EK and 

4 


ow 
KB, will vary x + —. Again, the Variation of the Surface of 
ad | 
the Mercury at 1 will be the ſame with that of the Water in the 
x 
ſame Place, wiz. —; and, if the Tube is of the ſame Diameter 
| dd 
at D, as at B, the Variation of the Surface at D will alſo be the 
js : 
ſame, that Hy — : The Sum of both Variations, or the Variation 
2x 
of HD the Difference of the Legs, will therefore be —. Now the 
ad 
Preſſure of the a and Water together upon the Air at E, is 
owing to the Lengths of HD and GE; and ſince one of theſe will 
always ſhorten, when the other lengthens, the Variation in their 
Preſſure will depend on the Variation of the Difference of their 
Weights, that is, of the Difference MAG the Weight of x+ 
of 2X y 
7 of —, But = Weight of x +1 — — (being the Weight of 
PR” 4 
«Colgmn of Water) pee! to that of 8 of Mercury of - 


the ſame Length, is Only ——, The Difference 1 
m detween 


Tube AF and FC be ſuch, that when HD, 
the Difference of the Legs wherein the Mer. 
cury is contained, is augmented one Inch, GE, 


112 Of the Barometer. Part Il 
FTaar the Variation in this Barometer ma 
be infinite, will appear from the following 
Computation. 
Luer the Proportion between the Bores of the 


the Difference of the Legs wherein the Water 
is contained, ſhall be diminiſhed fourteen, 
then, as much as the Preſſure of the Mercury 
is augmented, that of the Water will be dimi- 
niſhed, and fo the Preſſure of both taken toge- 
ther will remain as it was. And conſequently, 
after it has began to riſe, it will always have 
the ſame Tendency to riſe on, without ever 
coming to an Æquilibrium with the Air. 
How far this Barometer will ſucceed in Prac- 
tice, muſt be left to Experience to determine, 


* 
XxX + — 
ad 2x 5 
between ——— and 7 will be always equal to the Variation id 
ꝶm a | | 


+42 

T 2x dd 

the common Barometer, and therefore — — —— = , and by 
e ff 

vn dd 


the common Method of Reduction, æ = : That is, 


2m —44—1 
: :: ndd: 2m—dd—1, Now, if we put m 14, and 4 = 3, 2, 
a and—1 will be as much as 2m, and therefore 4 = 27, 
will be equal to nothing; and ſo x being by the Proportion as 
many Times more than v, as nad is than nothing, ttis infinite. 
And if be put = 14, and 4 = 5, mdd will be equal to 350, 
and 2m—dd—1 = 2; and therefore the Variations in this Caſe 
will be to theſe in the common Barometer, as 175 ada * | 

| Ti0- 


Diſſert. V. Of the Barometer. 113 
probably, if the Bore of the Tube FC be made 
very ſmall, vis. about the twentieth Part of 
an Inch Diameter, the Air will not aſcend 


f through the Water, as it is apt to do through . 


the Mercury in the pendant Barometer; and 
the Smallneſs of the Bore will not ptevent the 
Water from moving, near ſo much as it does 
the Mercury in that Barometer. | | 

= TarrRE is an Improvement of another Kind 
nin the common Barometer, whereby it is ren- 
dered portable. The Tube containing the 
Mercury, inſtead of having its lower End im- 


W merged in a Veſſel of that Fluid, has it tied 


3 up in a leathern Bag, not quite full of Mer- 


W cury. And though the external Air cannot 


get into the Bag to ſuſpend the Mercury in 
che Tube, by preſſing on its Surface, as in the 
common one; yet it has the ſame Effect by 
W preſſing on the Outſide of the Bag, which, 
being pliant, yields to the Preſſure, and keeps 
the Mercury ſuſpended in the Tube at its pro- 
per Height. This Bag is generally incloſed 
in a little Box, through the Bottom of which 


5 paſſes a Screw ; with this Screw the Bag may 


be compreſſed, fo as to force the Mercury up 
do the Top of the Tube, which keeps it ſteady, 
By and hinders it from breaking the Tube by 
BY daſhing againſt the Top when it is carried 
“bout, as it otherwiſe would be apt to do. 


SEE 


vw | 15 
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Sex more on the Subject of this Diſſertation, 
Weidleri Inſtitutiones Mathemat. p. 608. Ms. 
chior Verdries Phyſ. Pars ſpecialis, Cap. IV. 
5. 15. Mr. Paſchal s Traite de T'Equilibre 
des Liqueurs. Sznclair's Ars magna Gravitati 
& Levitatis. Mariotte's Second Eſſay de |, 
Nature de V Air, Philoſoph. Burgund. Tom. II. 
p. 850. Saul's Treatiſe on the Barometer, 
Regnault's Philoſoph. Converſat. 22. Clare, 
Motion of Fluids, p. 141. Mem. de Acad. 
1705, 1711. Philoſophical Tranſactions, N. 
97810, 11, 55; 86, 91, 165, 181, 185, 208, 
229, 230, 237, 240, 243, 209, 351, 366, 


385, 388, 405, 406, 427. Cotess Hydro- 


ſtatical and Pneumatical Lectures. Lect. ). 
With ſeveral other Authors referred to in M: 
Fobnſon's Quæſtiones Philoſophicæ, Cap. VI. 
. 5 7s 
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Diſſ. V. Of tbe Origin of WW inds, 1 q 
DISSERTATION v. 
Of the Origin of the Winds. 


HE Wind is no other than the Motion 
of the Air upon the Surface of the 
Globe. Some of the Ancients took it to be 
Air, ruſhing out of the Bowels and Cavities 
of the Earth : And others thought it an Ex- 
halation from its Surface. But theſe are Hy- 
potheſes too chimerical to ſtand in Need of a 
particular Confutation. Some of the Moderns 


who held a Plenum, have accounted for it thus £ 


They imagined, that the Air being confined 
above, as it muſt be, if we ſuppoſe a Plenum, 
would, when more than ordinarily rarefied, or 
ſtocked with Vapours, drive away the neigh- 
bouring Air, in order to make Room for itſelf ; 
and by this Means occaſion a Wind. Others, 
obſerving a conſtant and perpetual eaſterly 
Wind to blow at the Equator, aſcribed its 
Origin to the diurnal Rotation of the Earth 
about its Axis from Weſt to Eaſt ; which they 
thought would occaſion the Air upon its Sur- 
face to ſeem to move the contrary Way, being 


in ſome Meaſure left behind. But, whereas 


there are Winds, in ſome Places near the Equa- 
tor, that blow on other Points of the Compaſs 
_ O (as 


116 Of the Origin of Winds. Part II. 
(as we ſhall ſee hereafter) this Hypotheſis is 
inſufficient. Beſides, the Air prefling upon 
the Surface of the Earth by its Gravity, like 
other. Bodies, and having nothing to hinder 
it from moving freely along with it, muſt ne. 
ceſſarily, in Time, acquire an equal Degree 
of Velocity, and ſo KErP. Pace with it, all the 
Way round. _ 

THe principal Cauſe & the Wind, or, in 
other Words, of the Air's moving from Place 
to Place, upon the Surface of the Earth, is 
the Atmoſphere's being heated over one Part 
more than over another. For, in this Caſe, 
the warmer Air being rarefied, becomes ſpeci 
fically lighter than the reſt; it is therefore 
_ over- poiſed by it, and raiſed upwards, the 
upper Parts of it diffuſing themſelves every 
Way over the Top of the Atmoſphere ; while 
the neighbouring inferior Air ruſhes in from 
all Parts at the Bottom ; which it continues to 
do, till the Aquilibri ium is reſtored. 

Upon this Principle it is, that moſt of the 
Winds may be accounted for. 

To begin with thoſe which blow under the 
Equator. 


1. Ux Dx the Equatiy,: FA Wind is always 
obſerved to blow from the Eaſt Point“. 
= Fon, 


For de Reader's Eaſe he perhaps is not furniſhed with 
the Philaſophical Tranſadtions] I ſhall here infert by Way o 
Note, from Dr. Halley's Account, ſo much of the Hiſtory of the 


Winds, as may be — for the underſtanding this Tony 
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Diſſ. V. Of the Origin of Winds, 117 
For, ſuppoſing the Sun to continue vertical 


over ſome one Place, the Air will be moſt rare- 
fied there; and conſequently, the neighbour- 


ing 


The univerſfl Ocean, ſays he, may moſt properly be di- 
« yided into three Parts, viz. 1. The Atlantic and ZEthiopic 
« Seas. 2. The Indian Ocean. 3. The great South Sea, or 
te the Pacific Ocean. 1 


* 


&« I. In the Atlantic and Atbiopic Seas, between the Tropics, 
« there is a general eaſterly Wind all the Year long, without any 
« conſiderable Variation; excepting, that it is ſabje& to be de- 
« flected therefrom, ſome few Points of the Compaſs, towards 
« the North, or South, according to the Poſition of the Place. 
4 1. Near the Coaſt of 4f+ica, as ſoon as you have paſſed the 
« Canary Iſles, you are ſure to meet a freſh Gale of North-eaft 
c Wind, about the Latitude of twenty-eight Degrees North; 
« which ſeldom comes to the Eaſtwards of the Eaſlt-north-eaſt, 
« or paſſes the North-north-eaſt. This Wind accompanies thoſe | 
„ bound to the Southward, to the Latitude of ten Degrees 
«. North, and about an hundred Leagues from the Guinea 
« Coaſt; where, till the fourth Degree of North Latitude, they 
& fall into Calms and Tornadoes, or ſudden Storms. 
„ 2, Thoſe bound to the Caribbee Iſles, find, as they ap- 
« proach the American Side, that the aforeſaid North-eaſt_ 
« Wind becomes ſtill more and more eaſterly, ſo as ſometimes to 
© be Eaſt, ſometimes Eaſt by South, but yet moſt commonly to 
© the Northward of the Eaſt, a Point or two, ſeldom more. 
© 'Tis likewiſe obſerved, that the Strength of theſe does gra- 
«© dually decreaſe, as you ſail to the Weſtward. | 
„ 3, That the Limits of the Trade and variable Winds in 
« this Ocean, are farther extended on the American Side, than 
© the African; for, whereas you meet not with this certain 
« Wind, till after you have paſſed the Latitude of twenty-eight 
Degrees on this Side; on the contrary Side it commonly 
© holds to thirty, thirty-one, or thirty-two Degrees of Lati- 
“ tude; and this is verified likewiſe to the Southward of the 
 & Equino#ial; for near the Cape of Good Hope, the Limits of 
the Trade Wind are three or four Degrees nearer the Line, 
« than on the Coaſt of Braſil. | 


= 


O 2 1 4, That | 
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ing Air will ruſh in from every Quarter with 


e 


qual Force. But, as the Sun is continually 


mifting to the Weſtward, the Part where the 


Alr 


0 0 That from the Latitude of four Degrees North, to the 


aforeſaid Limits on the South Side of the Equator, the Winds 
are generally and perpetually between the South and Eaſt, 
and moſt commonly between the South-eaſt and Eaſt ; ob- 
ſerving always this Rule, that on the African Side they are 


more ſoutherly, on the Braſilian more eaſterly, ſo as to be. 


come almoſt due Eaſt, the little Deflection they have being 
ſtill to the Southward. In this Part of the Ocean, it has 


been my Fortune to paſs a full Vear, in an Employment that 
obliged me to regard more than ordinarily the Weather, and 
found the Winds conſtantly about the South-eaſt, the moſt 
: uſual Point South-eaſt by Eaſt: When it was eaſterly, it ge- 


nerally blew hard, and was gloomy, dark, and ſometimes 
rainy Weather: If it came to the Southwards, it was ge- 
nerally ſerene, and a ſmall Gale next to a Calm; but this not 


very common. But I never ſaw it to the Weſtwards of the 
South, or Northwards of the Eaſ. | i 
. That the Seaſon of the Year has ſome ſmall Effect on 


theſe Trade Winds; for that, when the Sun is conſiderably to 


the Northward of the Equator, the South-eaſt Winds, eſpe- 


cially in the Streight of this Ocean (if 1 may ſo call it) be- 
tween Bra/i/, and the Coaſt of Guinea, do vary a Point or 


© two to the Southward, and the North-eaſt become. more 


eaſterly; and, on the contrary, when the Sun 1s towards the 


Tropic of Capricorn, the South-eaſterly Winds become more 


1 


eaſterly; and the North-eaſterly Winds, on this Side the 


. Line, veer more to the Northward. | 


6. That as there is no general Rule, that admits not of ſome 


Exception, ſo there is in this Ocean a Tract of Sea, wherein 
the ſoutherly and ſouth-weſt Winds are perpetual, vis. all 


along the Coaſt of Guinea, for above five hundred Leagues 


together, from Sierra Leona, to the Iſle of St. Thomas: For 
the South-ealt Trade Wind having paſſed the Line, and ap- 
proaching the Coaſt of Guinea within eighty or an hundred 
Leagues, inclines towards the Shore, and becomes South-touth- 


eaſt; and by Degrees, as you come nearer, it veers about to 


South, South-ſouth-welſt, and in with the Land Aa eps 
| 4 an 


Y 
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Air is moſt rarefied, is carried the ſame Way; 
and therefore the Tendency of all the lower Air 


taken together, is greater that Way, than any 


« and ſometimes Weſt-ſouth-weſt. Theſe are the Winds, which 
« are obſerved on this Coaſt when it blows true ; but there are 
« frequent Calms, violent ſudden Guſts, called Tornadoes, from 
« all Points of the Compaſs, and ſometimes unwholeſome foggy 
« eaſterly Winds, called Hermite, by the Natives, which too 
« often infeſt the Navigation of theſe Parts. 


% 7. That to the Northwards of the Line, between four and 


« ten Degrees of Latitude, and between the Meridians of Cape 
«© Verde, and of the eaſtermoſt Iſlands that bare that Name, there 
« 18 a Tract of Sea, wherein it were improper to ſay, there is 
& any Trade Wind, or yet a variable; for it ſeems condemned to 
« perpetual Calms, attended with terrible Thunder and Light- 
ning, and Rains ſo frequent, that our Navigators from thence 
&« call this Part of the Sea, the Rains: The little Winds that 
© are, being only ſome certain Guſts, of very little Continu- 
„% ance, and leſs Extent; ſo that ſometimes each Hour you 
© ſhall have a different Gale, which dies away into a Calm be- 
© fore another ſucceeds: And in a Fleet of Ships in Sight of 
„ one another, each ſhall have the Wind from a ſeveral Point of 
* the Compaſs: With theſe weak Breezes, Ships are obliged to 
“ make the beſt of their Way to the Southward, through the 
« aforeſaid fix Degrees; wherein it is reported ſome have been 
„ detained whole Months for want of Wind. 


« TI. In the Indian Ocean, the Winds are partly general, 
« as in the Albiopic Ocean; partly periodical, that is, half 
„ the Year they blow one Way, and the other half near upon 
the oppoſite Points; and theſe Points, and Times of ſhifting, 
are different in different Part of this Ocean. 

«© 1. Between the Latitudes of ten Degrees and thirty De- 
„ prees South, between Madagaſcar and Hollandia nova, the 
*« General Trade-Winds about the South-eaſt and by Eaſt, are 
found to blow all the Year long, to all Intents and Purpoſes, 


* after the ſame Manner, as in the ſame Latitudes in the 


„ Zthiopic Ocean, as it is deſcribed in the fourth Remark 
aforegoing. | | | „ 
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other. Thus the Tendency 'of the Air to- 
wards the Weſt, becomes general, and its 
Parts impelling one another, and continuing to 

| LS move 


e 2. That the aforeſaid South-eaſt Winds extend to within two 
« Degrees of the Equator, during the Months of June, Juh, 
« and Auguft, &c. to November; at which Time, between the 
& South Latitude of three and ten Degrees, being near the Me. 
& ridian of the North End of Madagaſcar, and between two 
« and twelve South Latitude, being near Sumatra and Java; the 

contrary Winds from the North-weſt, or between the North 


e and Weſt, ſet in, and blow for half a Year, viz. from the 
Beginning of December till May: And this Monſoon is ob- 


5 ſerved as far as the Molucca Iſles, 
«© 3. That to the Northward of three Degrees South Lati- 


40 tude, over tbe whole Arabian and Indian Sea, and Gulf of 


« Bengal, from Sumatra to the Coaſt of Africa, there is ano- 
& ther Monſoon, blowing from October to April, upon the 
« North-eaſt Points: But in the other half Year, from April to 
« Oclober, upon the oppoſite Points of South. weſt and Weſt. 


c ſouth-weſt, and that with rather more Force than the other, 


« accompanied with dark, rainy Weather; whereas the North- 
& eaſt blows clear. Tis likewiſe to be noted, that the Winds 
tc are not ſo conſtant, either in Strength or Point, in the Gulf 
* of Bengal, as they are in the Indian Sea, where a certain 
« ſteady Gale ſcarce ever fails. Tis alſo remarkable, that 
t the South-weſt Winds, in theſe Seas, are generally more 
4% ſoutherly on the African Side, and more weſterly on the 


6 Indian. 


« 4. There is a Tract of Sea to the Sonthward of the 
& Equator, ſubject to the ſame Changes of the Winds, vis. 
near the African Coaſt, between it and the Iſland Madagaſcar, 
or St. Laurence, and from thence Northwards, as far as the 
& Line; wherein, from April to Ofober, there is found a con- 


e ſtant freſh South- ſouth-weſt Wind, which, as you go more 


northerly, becomes ſtill more and more weſterly, ſo as to fall 
in with the Weſt-ſouth-weſt Winds, mentioned before in thoſe 
Months of the Year to be certain to the Northward of the 
Equator, "What Winds blow in thoſe Seas, for the other 
halt Year, I have not yet been able to obtain to my full Satiſ- 
faction: The Account which has been given me, is only this, 

| That 
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move till the next Return of the Sun, ſo much 


of its Motion, as was loſt by his Abſence, is 
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again reſtored, and therefore the eaſterly Wind 
becomes Perpetual. | 


SOME 


That the Winds are much eaſterly hereabouts, and as often to 
the North of the true Eaſt, as to the Southward thereof. 

« 5. That to the Eaſtward of Sumatra and Malacca, to the 
Northwards of the Line, and along the Coaſt of Camboia 
and China, the Monſoons blow North and South; that is to 
ſay, the North-eaſt Winds are much northerly, and the 
South-weſt much ſoutherly. This Conſtitution reaches to the 
Eaſtward of the Philippine Iſles, and as far northerly as Japan; 
the northern Monſoon ſetting in, in theſe Seas, in October or 
November; and the ſouthern in May, blowing all the Summer 
Months. Here'it is to be noted, that the Points of the Com- 
paſs from whence the Winds come, in theſe Parts of the 
World, are not ſo fixed, as thoſe lately deſcribed ; for the 
ſoutherly will frequently paſs a Point or two to the Eaſtwards 
of the South, and the northerly as much to the Welt. 
wards of the North, which ſeems occaſioned by the great 


Quantity of Land which is interſperſed in theſe Seas. 


© 6. That in the ſame Meridians, but to the Southwards of 
the Equator, being that Tract lying between Sumatra and 
Jawa to the Welt, and New Guinea to the Ealt, the ſame - 


' northerly and Toutherly Monſoons are obſerved ; but with this 


Difference, that the Inclination of the northeriy is towards 
the North-weſt, and of the ſoutherly towards the South-eaſt : 
But the Plage Venti are not more conſtant here than in the 
former, wiz. variable five or ſix Points. Beſides, the Times 
of the Change of theſe Winds are not the ſame, as in the 
Chine/e Seas, but about a Month or fix Weeks later. 

« -, That the contrary Winds do not ſhift all at once, but in 
ſome Places the Time of the Change is attended with Ca/rs, 
in others with variable Winds; and it is particularly remark - 


able, that the End of the weſterly 1/592, in the Seas of 


China, are very ſubject to be tempeſtuous. The Violence of 
theſe Storms is ſuch, that they ſeem to be of the Nature of 
the Ve/i-India Hurricanes, and render the Navigation of 


theſe Parts very unſafe about that lime of Year. Theſe 
| O 4 | Tempeſts 


4 tent is equal to that of the other two (it being from the Weſt 
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SoMs are inclined to think, that the con- 
tinual ſhifting of the Sun to the Weſtward, 
ſhould produce a weſterly Wind under the 
Equator, by cauſing the Current of the Air 
from the Weſt to exceed and over-balance that, 


« Tempeſts are by our Seamen uſually term'd the Breaking ug 
« of the Monſcons. | 


« III. The Third Ocean, called Mare Pacißcum, whoſe Ex- 


& Coaſt of America to the Philippine Iſlands, not leſs than an 
« hundred and fifty Degrees of Longitude) is that which is leaſt 
& known to our own, or the neighbouring Nations: That Navi. 
« gation that there is on it, is by the Spaniards, who go yearly 
«© from the Coaſt of New Spain to the Manilla's : But that but 
«© by one beaten Tract; ſo that I cannot be ſo particular here, 
„ as in the other Two. What the Sjani/s Authors ſay of the 
Winds they find in their Courſes; and what is confirmed by 
ce the old Accounts of Drake and Candi/h, and ſince by Schooten, 
* who failed the whole Breadth of this Sea, in the ſouthern 
Latitude of fifteen or fixteen Degrees, is, that there is a great 
« Conformity between the Winds of this Sea, and thoſe of the 
« Atlantic and A!hiopic ; that is to ſay, that to the Northward 
* of the Equator, the predominant Wind is between the Eaſt and 
« North-eaſt; and to the Southwards thereof, there is a con- 
« ſtant, ſteady Gale, between the Eaſt and South-eaſt, and that 
„ on both Sides the Line, with ſo much Conſtancy, that they 
& ſcarce ever need to attend the Sails; and Strength, that it is 
« rare to fail of croſſing this vaſt Ocean in ten Weeks Time; 
& which is about an hundred and thirty Miles a Day: Beſides, 
« *tis ſaid, that Storms and Tempeſts are never known in theie 
« Parts; wherefore ſome have thought it might be as ſhort a 
«© Voyage to Japan and China, to go by the Streights of Ma- 
% gellan, as by the Cape of Good Hope. ” 

„The Limits of theſe General Winds are much the ſame as 
« in the Atlantic Sea, wiz. about the thirtieth Degree of Lati- 
« tude on both Sides. Beſides, a farther Analogy between the 
«© Winds of this Ocean, and the .Z2hiopic, appears in that, that 
«« upon the Coaſts of Peru they are always much ſoutherly, like 
Nas they are found near the Shores of Angola.“ | 
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which oppoſes it from the Eaſt. For, where- 
as the eaſtern Air retains its Heat ſome Time 
after the Sun is removed from it, it muſt al- 
| ways be rarefied to a greater Degree, and alſo 
to a greater Diſtance from the Place to which 
the Sun is vertical, than the weſtern Air is; 
and therefore the weſtern Air, being more 
ponderous, ſhould be an Over-balance for the 
eaſtern, and drive the Current before it. 
W Bur it is to be obſerved, that we are not to 
5 conſider the Point to which the Sun is ver- 
W tical, but the Point of greateſt Rarefaction 
W (which, upon Account of the Sun's Motion to 


W the Weſtward, lies always to the Eaſtward); 
and then ſee, which Side of the Column of 


Air, incumbent over that Point, ſuſtains the 
3 greater Preſſure from the neighbouring Co- 
lumns. Now, although the Air is rarefied 
eren farther to the Eaſt of this Point, than to 
the Weſt, yet ſtill, if we ſuppoſe the Point 
to keep its Place, the Air over it will ſuſtain 
an equal Degree of Preſſure on each Side. 


For, ſince no Column can be aſſigned on the 


: OS 
weſtern Side, but one alſo on the eaſtern 


may be found under an equal Degree of Rare- 
faction, and therefore of the ſame ſpecific Gra- 
vity ; and fince Fluids of equal Heights, and 
the ſame ſpecific Gravities (whatever be the 
Breadth of their Columns) preſs equally againſt 
equal Objects, (Chap. I. F. 9.) tis very 
evident, that the Column of Air, over the 

Point 


\ 
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Point of greateſt Rarefaction, is preſſed equal. 
ly both Ways; and ſo, upon this Suppoſition, 
each Wind will blow towards that Point with 
* Force. But, if we ſuppoſe the Point 
of greateſt Rarefaction to ſhift towards the 
Weſt, we ſhall find, that this AÆquilibriun 
will by that Means be deſtroyed, and the 
Motion of the Air (upon the whole) deter. 
mined that Way. For let us conſider any 
Portion of the weſtern Air approaching to- 
wards the Point of greateſt Rarefaction, if that 
Point ſhifts, in the mean Time, towards the 
Weſt, then will that Portion reach the ſaid 
Point ſooner than it otherwiſe would have 
done; thereby lofing a Part of its Motion, by 
which Means the weſterly Current will be di— 
miniſhed. Again, if, while the Eaft Wind 
blows towards the Point of greateſt Rarefaction, 
that Point moves on before it, then will the 
eaſtern Air have a greater Quantity of Motion, 
than it otherwiſe would have had; that, which 
ſhould have been an Impediment to it, being, 
upon this Suppoſition, in fome Meaſure with- 
drawn; and ſo the Eaſt Wind will be aug- WW 
mented. Thus, the Weſt Wind having its 
Force leſſen'd by the Motion of the Sun, and 
the Eaſt one being increaſed, the latter at 
length as it were abſorbs the former, and car- 
ries it away in its own Direction. | | 
2. ON each Side of the Equator, to about 
the thirtieth Degree of Latitude, the Wind is 
"= PENS, | found 
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found to vary from the Eaſt Point, ſo as to 
become North- eaſt on the northern Side, and 
Sonth-eaſt on the ſouthern, 

Taz Reaſon of which is, that, as the egua- 
torial Parts are hotter than any other, both the 
northern and ſouthern Air ought to have a 
Tendency that Way; the northern Current 
therefore, meeting in this Paſſage with the 
eaſtern, produces a North-eaſt Wind on that 
Side ; as the ſouthern Current, joining with 
the ſame, on the other Side the Equator, forms 
a South-eaſt Wind there. "= 3 

TuksE two Propoſitions are to be underſtood 
of open Seas, and of ſuch Parts of them as are 
diſtant from the Land; for near the Shores, 
where the neighbouring Air is much rare- 
fied, by the Reflection of the Sun's Heat from 
the Land, it frequently happens otherwiſe; 
particularly 

3. Ox the Guinea Coaſt, the Wind always 
ſets in upon the Land, blowing weſterly in- 
ſtead of eaſterly. This is becauſe the Deſerts 
of Africa lying near the Equator, and being a 
very ſandy Soil, reflect a greater Degree of Heat 
into the Air above them. This therefore be- 
ing rendered lighter, than that which is over 
the Sea, the Wind continually ruſhes in upon 
the Land to reſtore the Æguilibrium. 

4. THAT Part of the Ocean, which is called 
the Rains, is attended with perpetual Calms, 
the Wind ſcarce blowing ſenſibly either one 

e Way 
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Way or other. (See its Situation deſcribed in 
Note, Page 119, Remark 7th.) For this Tract 
being placed between the weſterly Wind bloy. 
ing from thence towards the Coaſt of Guiney, 
and the eaſterly Wind blowing from the ſame 
Place to the Weſtward thereof, the Air ſtand; 
in Aquilibrio between both, and its Gravity i 
ſo much diminiſhed thereby, that it is not able 
to ſupport the Vapour it contains, but lets i 
fall in continual Rain, from whence this Part 
of the Ocean has its Name. 
5. Tux is a Species of Winds, obſervable 
in fome Places within the 7. ropics, called by 
the Sailors Monſoons, which, during fix Months 
of the Year, blow one Way ; and the remain- 
ng fix the contrary. | 
TI Occaſion of them in general is this: 
When the Sun approaches the northern Tropic, 
there are ſeveral Countries, as Arabia, Perjia, 
India, &c. which become hotter, and reflect 
more Heat than the Seas beyond the Equator, 
Which the Sun has left; the Winds therefore, 
inftead of blowing from thence to the Per 
under the Equator, blow the contrary Way; 
and when the Sun leaves thoſe Countries, and 
draws near the other Tropic, the Winds turn 
about, and blow on the oppoſite Point of the 
Compaſs. 

Tur Regularity of theſe Winds making 
them more than ordinarily uſefal in Navi- 
gation, they are from thence called Trade 


Winds. 
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Winds. As to other Circumſtances relating 


to them, and the particular Times and Places 
of the Monſoons, &c. ſee the Hiſtorical Ac- 


count in the foregoing Note; all which might 


eaſily be ſolved upon the ſame Principle, had 
we Data to go upon, and were all the ſeveral 
Circumſtances of Situation, Heat, Cold, &c. 
ſufficiently known . 


FROM the Solution of the general Trade 
Winds, we may ſee the Reaſon, why in 


the Atlantic Ocean, a little on this Side the 
thirtieth Degree of North Latitude, or there- 
abouts, as was obſerved in the foregoing 
Diſſertation, there is generally a . Weſt, or 
South-weſt Wind. For, as the inferior Air 
within the Limits of thoſe Winds, is con- 


ſtantly ruſhing towards the Equator, from the 


North-eaſt Point, or thereabouts, the ſuperior 


Air moves the contrary Way; and therefore, 


after it has reached theſe Limits, and meets 


with Air, that has little or no Tendency to 


* Some have thought, that the Regularity of the general Trade 
Winds is partly owing to the diurnal Motion of the Moon from 
Eaſt to Weſt. For, as the Sun renders the Air ſpecifically lighter 
by its Heat, ſo does the Moon by attracting it, in the ſame 
Manner, as it does the Sea, in raiſing the Tides : But it is to 


be obſerved, that as the Moon acts with the greateſt Force upon 


the ſuperior Parts of the Air, and as thoſe ſuperior Parts are un- 

confined, and therefore more at Liberty to ruſh in, in order to 

reſtore the Æguilibrium; it will from hence follow, that the 

ruſhing in of the ſuperior Parts of the Atmoſphere will princi- 

L contribute towards reſtoring the Ægquilibrium; and ſo the 
otion, produced below, will be very inconſiderable. 


* 
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128 Of the Origin of Winds. Part ll. 
any one Point more than to another, it vil 
determine it to move in the ſame Direction 
with itſelf, ; 

Is our own Climate we frequently exye. 
rience, in calm Weather, gentle Breezes blow. 
ing from the Sea to the Land, in the Heat of 
the Day; which Phenomenon is very agree. 
able to the Principle laid down above: For 
the inferior Air over the Land being rarefied 
by the Beams of the Sun, reflected from itz 
Surface, more than that which impends over 
the Water, which reflects fewer, the latter i; 
conſtantly moving on to the Shore, in order 
to reſtore the Ægquilibrium, when not dif- 
turbed by ſtronger Winds from another Quar- 
We. . 

FROM what has been obſerved, nothing is 
more eaſy than to ſee, why the northern and 
ſouthern Parts of the World, beyond the Li- 
mits of the Trade Winds, are ſubject to ſuch 


* In Confirmation of this, we have an eaſy, and very per- 
tinent Experiment, related by Mr. Clare, in his Motion of 
Fluids. Take, /ays he, a large Diſh, fill it with cold Water; 
« into the Middle of this, put a Water-Plate, filled with warm 
« Water. The firſt will repreſent the Ocean; and the other 
« an Ifland, rarefying the Air above it. Blow out a Wax 
« Candle, and if the Place be ſtill, on applying it ſucceſſively 
« to every Side of the Diſh, the fuliginous Particles of the 
« Smoak, being viſible and very light, will be ſeen to move 
< towards the Plate, and riſing over it, point out the Courſe 
* of the Air from Sea to Land. Again, if the ambient Water 
e be warmed, and the Plate filled with cold Water, let the 
« ſmoaking Wick of the Candle be held over the Plate, and 
« the contrary will happen.“ “ NS 


Variety 
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Variety of Winds. For the Air, upon Ac- 
count of the leſſer Influence of the Sun in 
thoſe Parts, being undetermined to move to- 
wards any fixed Point, is continually ſhifting 
from Place. to Place, in order to reſtore the 
Fquilibrium, wherever it is deſtroyed ; whe- 
ther by the Heat of the Sun, the riſing of 
Vapours, or Exhalations, the melting of Snow 
upon the Mountains, and a great Variety of 
other Circumſtances, more than can be eaſily 
enumerated. WE 

Wr are told by Hiſtorians, of certain Caves 
that emit Wind; if ſo, it is when the included 
Air is rarefied by Heat, and therefore ruſhes 
out for Want of Room; or, when the Preſſure 
of the external Air, incumbent upon the Mouth 


of the Cave, is diminiſhed, and ſo permits the 


internal Air to dilate itſelf, and iſſue out. 


For more on this Subject, ſee Nieuwentyt's 
Religious Philoſopher. Regnault's Philoſophi- 
cal Converſations. Clare's Motion of Fluids. 
Martin's Philoſophical Grammar. And the 
Authors referred to in Mr. Johnſon's Quæſtiones 
Philoſoph. Cap. IV. Quæſt. 1, 2. 
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gs WW zbe Formation and Part II, 


DISSERTATION VI. 


of the Bormation and Accent of Va. 
N and their Reſolution into Rain, 
ee and Hail. 


N AT Vapours are raiſed from the Sur 

face of Water by the Action of the Sun's 
Heat, is agreed on by all: But the Manner in 
which this is done, has ever been a Controverſy 
among Philoſophers ; neither 1s it at this Tins 
ſufficiently explained by any one. 
Ix we conſult a Carteſian upon this Matter, 
he immediately tells us, that, by the Action of 
the Sun upon the Water, ſmall Particles of the 
Water are formed. into hollow Spheres, filled 
with Materia Subtilis, and by that Means be- 
coming lighter than an equal Bulk of Air, are 
eaſily buoyed up in it. But, as this Materia 
Subtilis is only a Fiction, this Solution is not 
to be regarded. 

DR. Nieuwentyt, and ſeveral other Philo- 
ſophers, who maintain, that Fire is a parti- 
cular Subſtance, diſtin from other Matter, 
account for the Formation and Aſcent of Va- 
pours thus: They ſay, that the Rays of the 
Sun, or Particles of Fire ſeparated from them, 
adhering to Particles of the Water, make 


up 


| 
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up little Bodies, lighter than an equal Bulk of 
Air ; which therefore, by the Laws of Hy- 
droſtatics, will aſcend in it, till they come to 
an Height where the Air is of the ſame ſpecific 
Gravity with themſelves. And, that Rain is 
produced by the Separation of the Particles of 
the Fire from thoſe of the Water ; which laſt, 
being then left without Support, can no longer 
be ſuſtained by the Air, but falls down in 
Drops of Rain k.. 55 5 
IT uIs Opinion is liable to the following Dif- 
ficulties; Fir/t, Fire has never been yet proved 
= to be a diſtin Element, or a particular 
= Subſtance + ; and the Change of Weight in 
Bodies in chemical Preparations, heretofore 
thought to ariſe from the Adheſion of Particles 
of Fire, is found to proceed from the Adheſion 
of Particles of Air . „ 

= Secondly, Should the above-mentioned Sup- 
= poſition be allowed, the fiery Particles, which 
= are joined to the watery ones to buoy them 
up, muſt be conſiderably large, or elle a very 
great Number muſt fix upon a ſingle Particle 
of Water; and then a Perſon being on the 
Top of an Hill in a Cloud, would be ſenfible 
of the Heat, and find the Rain produced from 
that Vapour, much colder than the Vapour it- 


* See Nieuwwentyt's Religious Philoſopher, Contempl. 19. 
＋ See the Authors referred to in Mr. Job»/3n's Quæſtiones 
Philoſoph. Cap. I. Quzſt. 40. 
y By Dr. Haks, in his Vegetable Statice. | 
| . „ 
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ſelf : Whereas the contrary 1s evident to our 
Senſes; the Tops of Hills, though in the 
Clouds, being much colder than the Rain 
which falls below. 

Bes1Dts, the Manner in which the Particle 
of Water ſhould be ſeparated from thoſe of 
the Fire, ſo as to fall in Rain, is not eaſily to 
be conceived. 

THE moſt generally received Opinion is, 
That by the Action of the Sun on the Surface 
of the Water, the aqueous Particles become 
formed into Bubbles, filled with 2 Flatus, of 
warm Air, which renders them ſpecifically 
lighter than common Air, and makes them 
riſe therein, till they meet with ſuch as is of 
the ſame ſpecific Gravity with themſelves *, 
But I aſk, | 

Firſt, How comes the Air in the Bubbles 
to be ſpecifically lighter than that without, 
ſince the Sun's Rays, which act upon the 
Water from whence they are raiſed, are equal 
denſe over all its Surface ? 

Secondly, If it could be poſſible for rarer 
Air to be ſeparated from the denſer ambient 
Air, to form the Bubbles (as Bubbles of ſoaped 
Water are blown up by warm Air from the 

Lungs, whilſt the ambient Air 1s colder and 
| denſer) what would hinder the external Air 
from reducing that, which is incloſed in the 
Bubbles, immediately to the ſame Degree of 


# Philoſophical Tranſactions, No 192. 
| Cold- 


Weds! 


Dif. VI. Aſcent of Vapours, &. 133 
Coldneſs, and ſpecific Gravity with itſelf; 
Cold being readily communicated through 
ſuch thin Shells of Water.) By which Means, 
the Bubbles would become ſpecifically heavier 
than the circumambient Air, and would no 
longer be ſupported therein ; but 'fall down, 
almoſt as ſoon as they were formed? — 

Thirdly, If we ſhould grant all the reſt of 
the Suppoſition, yet the following Difficulty 
will ſtill remain. If Clouds are made up of 
Bubbles of Water filled with Air, why do not 
thoſe Bubbles always expand, when the ambi- 
ent Air is rarefied, and preſſes leſs upon them 
than it did before; and why are they not con- 
denſed, when the ambient Air is condenſed by 
the Accumulation of the ſuperior Air ? But if 
this Condenſation and Rarefaction ſhould hap- 
pen to them, the Clouds would always continue 
at the ſame Height, contrary to Obſervation ; 
and we ſhould never have any Rain. | 

THE two laſt Opinions are more largely ex- 
amined by Dr. Deſaguliers in the Philoſophical 
Tranſactions, Ne 407. After which he endea- 
vours to eſtabl.ſh one of his own. 

Hr obſerves, with Sir Iſaac Newton, that, 
when by Heat or Fermentation the Particles 
of a Body are ſeparated from their Contact, 
their repulſive Force grows ſtronger, and the 
Particles exert that Force at greater Diſtances; _ 
ſo that the fame Body ſhall be expanded into 
a very large Space, by becoming fluid; and 
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134 Of the Formation and Part Il. 
may ſometimes take up more than a Million 
of Times the Room it did in a ſolid and in- 
compreſſible State. Thus, ſays he, if the 
Particles of Water are turned into Vapour, 
e by repelling each other ſtrongly, and repel 
© Air more than they repel each other; Ag. 
« gregates of ſuch Particles, made up of Va. 
< pour and Vacuity, may riſe in Air of different 
% Denſities, according to their own Denſit 
e depending on their Degree of Heat.“ He 
obſerves farther, that Heat acts more -power- 
fully on Water, than on common Air ; for that 
the ſame Degree of Heat, which rarefies Air 
two Thirds, will rarefy Water near fourteen 
thouſand Times, changing it into Steam or 
_ Vapour, as it boils it. And in Winter, that 
ſmall Degree of Heat, which in Reſpect of our 
Bodies appears cold, will raife a Steam or Va- 
pour from Water, at the ſame Time that it 
condenſes Air. Laſtly, he obſerves, That the 
Denſity and. Rarity of this Vapour depends 
chiefly on its Degree of Heat, and but little on 
the Preſſure of the circumambient Air. From 
all which he infers, that the Vapour being 
more rarefied near the Surface of the Earth, 
than the Air is there by the ſame Degree of 
Heat, muſt neceſſarily be buoyed up into the 
Atmoſphere ; and ſince it does not expand it- 
ſelf much, though the Preſſure of the incum- 
bent Air grows leſs, at length it finds a Place 
where the Atmoſphere is of the ſame ſpecific 
1 | Gravity 


Dill. VI. Aſcent of Vapours, &c. 13 5 
Gravity with itſelf, and there floats, till, by ſome 


Accident or other, it is converted again into 
Drops of Water, and falls down in Rain. 


AnD to ſhew that Air is not neceſſary for 


the Formation of Steam or Vapour, he gives 
us this Experiment. 


cc 


cc 


cc 


« ABCD (Fig. 37.) is a pretty large Veſ- 


ſel of Water, which muſt be ſet upon the 
Fire to boil. In this Veſſel muſt be ſuſpend- 
ed the Glaſs Beil E, made heavy enough 
to fink in Water; but put in, in ſuch a 
Manner, that it be filled with Water when 
upright, without any Bubbles of Air at its 
Crown within, the Crown being all under 
Water. As the Water boils, the Bell will 
by Degrees be emptied of its Water, the 
Water in the Dell being preſſed down by 


the Steam which riſes from it; but, as that 


Steam has the Appearance of Air, in order 
to know whether it be Air or not, take the 
Veſſel off the Fire, and draw up the Bell 


by a String faſtened to its Knob at Top, till 


only the Mouth remains under Water ; 
then as the Steam condenſes by the cold Air 
on the Outſide of the Bell, the Water will 


riſe up into the Bell at F, quite to the Top, 


without any Bubble above it; which ſhews, 
that the Steam, which kept out the Water, 
was not Air.” 1 
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Tufs Hypotheſis, however plauſible it may 
appear, is attended with Difficulties, as well 
as the other. For, 

Firſt, If the repulſive Power of the Particle 
of Water is ſufficiently augmented by Heat as 
ſuch (and that by a very ſmall Degree of it) 
to make them recede from each other, and be. 
come ſpecifically lighter than common Air; 
how comes it to paſs, that all the Particles of 
Water, as ſoon as, or before it boils, have not | 
their repulſive Forces thus augmented, ſince 
they are all under a much greater Degree of 
Heat, than is neceſſary to raiſe Vapour ? 

Secondly, Allowing that they may riſe off 
from the Surface of the. Water, and float in 
the circumambient Air, as being lighter than 
it, why do not their repulſive Forces, as they 
riſe up into the Air, and the ſuperincumbent 
Preſſure becomes leſs, drive them to greater 
Diſtances from each other, and fo cauſe them 
to continue lighter than the Air about them at 
all Heights? 

Thirdly, If the Preſſure of the Air about 
them, when near the Surface of the Earth, is 
not ſufficient to bring them into ſo cloſe Con- 
tact, as to form Drops of Water there, what 
Force will they find ſufficient for it, when they 
are carried aloft into a Region of Air, where 
the Prefiure is not near ſo great? The Doctor 
hints, that they are formed into Rain, © when 
F6 * by the great Diminution of the ſpecific Gra- 

« vity 


Diſſ. VI. Aſcent of Vapours, &c. 137 
vity of the Air about a Cloud, it has a great 
« Way to fall, in which Caſe, he ſays, the 
« Reſiſtance of the Air, which increaſes as 
e the Square of the Velocity of the deſcend- 
ing Cloud, cauſes the floating Particles of 
« Water to come within the Power of each 
Fe W's Attraction, and form ſuch big Drops 
cc being ſpecifically heavier than any Air, 
« maſt fall i in Rain.” But as the inferior Air, 
from the Cloud to a conſiderable Depth below 
it, cannot be ſuppoſed to leave it all at once, 
the Vapours mult neceſſarily fall all the Way 
through a reſiſting Medium; ſo that the little 
Velocity the Cloud can acquire, while it is in 
the Form of Vapour, will never produce a 
Reſiſtance from the Air greater than the Preſ- 
ſure which the Vapours ſuſtained below. 
Laſily, The Experiment, brought to make 
Way for this Hypotheſis, ſhows clearly, that 
Vapour formed without the Afliftance of Air, 
is immediately condenſed into Water again, as 
ſoon as it is ſuffered to cool: Which is widely 
different from what happens to Vapours buoyed 
up into the colder Regions of the Air, and 
floating there, till they fall 1 in Rain. 


- 


ov - 


Tuxsp are all, or the principal Hypotheſes, 
that have been 3 for the Solution of this 
common Phenomenon > Which as they ſeem 
inadequate to the Effects produced, and there- 
fore unſatisfactory, I thought it not amiſs to 

P 4 ſug⸗ 


138 Of the Formation and Part Il. 
ſuggeſt to the Reader the chief Difficulties with 
which I conceive them to be attended. But az 
it is caſter to pull down, than to build up, to 
overturn a weak Hypotheſis, than to raiſe and 
ſupport a ſtrong and ſufficient one; ſo, I muſt 
own, 1n this Caſe, I can think of no Way 
accounting for the Riſe of Vapours, according 

to the received Principles of Philoſophy, or 


ſay wherein their Nature conſiſts. Upon this 


Account it is impoſſible I ſhould give a Phi- 
loſophical Account of their Reſolution into 
Rain. It muſt ſuffice juſt to mention the Cauſes 

which are obſerved to produce that Change. 
Tx firſt is, Part of the Air beneath them 


being carried away by contrary Winds blowing 


from the ſame Place *, the Remainder be- 
comes too light to buoy them up, and fo the 
upper ones, in all Probability, precipitate down 
upon the lower ones, unite with them, and 
form Drops of Rain . Another is, great 
3 Quan- 


* Perhaps it may be thought, that when the Air, which im- 
pends over any Place, is carried away from thence by contrary 
Winds, the Vapours which float in it ſhould be carried away 

too; and ſo the few that remain ſhould be eaſily ſupported ; or, 
1f they fall, ſhould not produce much Rain. 

Now, in Anſwer to this, it muſt be conſidered, that as the in- 
ferior Air is carried away from any Place by contrary Winds, the 
Height of the Atmoſphere is diminiſhed thereby; wherefore, in 
all Probability, the 0 Air ruſhes in by a contrary Current 
to fill up the Vacuity at the Top, which bringing in its Contents 
of Vapour affords a continual Supply for the Rain that falls. 

1 A remarkable Inſtance we have of this, in that Part of the 
Atlantic Ocean, which the Sailors call the Rains, (ſee Diſſert. V.) 
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Quantities of them, being driven by the Winds 


againſt the Sides of Mountains, are thereby 


made to coaleſce, and ſo conſtitute Rain *. 


from the frequent Rains that fall there: The Occaſion of which 
is, that the Atmoſphere is diminiſhed by continual contrary 
Winds blowing from thence, ſo that it is not able to ſuſtain the 
Vapour it receives. | 5 : | 

* Upon this depends the Difference of the Seaſons of the Year 
at Malabar and Coromandel in the FEaſ- Indies, and at Jamaica 
in the Weſt. See Dr. Gordon's Diſcourſe on the Cauſes of the 
Change of Weather, Philgſophical Tramſactiont, Ne 17.— 
« The Rivers of Indus and Ganges, ſays he, where they enter the 
« Ocean, contain between them a large Cherſongſus, which is di- 
« vided in the Middle by a Ridge of Hills, which they call the 
Gate, which run along from Eaſt to Weſt, and quite through 
te to Cape Comori. On the one Side is Malabar, and on the other 
1 Coromandel. On the Malabar Side, between that Ridge of 
t Mountains and the Sea, it is after their Appellation Summer 
* from September till April; in which Time it is always a clear 
« Sky, without once, or very little Raining. On the other Side 
* the Hills, on the Coaſt of Coromandel, it is at the ſame Time 
« their Winter, every Day and Night yielding Abundance of 
« Rain ; and from April to September it is on the Malabar Side 
their Winter, and on the other Side their Summer: So that 
in little more than twenty Leagues Journey in ſome Places, as 
« where they croſs the Hills to St. 7 homas, on the one Side of 
the Hill you aſcend with a fair Summer ; on the other you 
« deſcend with a ſtormy Winter. The like is ſaid to be at Cape 


« Razalgate in Arabia. And Dr. Tropham relates the ſame of 


« Jamaica, intimating that there is a Ridge of Hills which runs 
« from Eaſt to Weſt, through the Midſt of the Iſland, and that 
„ the Plantations on the South Side of the Hills have, from 
« November to April, a continual Summer, whilſt thoſe on the 


North Side have as conſtant a Winter, and the contrary from 
« April to Nowember. fs 


* 


« From theſe and ſuch like Accounts it ſeems evident, that a 


te bare leſſening of the Atmoſphere's Gravity will not occaſion 
«© Rain, but that there is alſo ncecful either a ſudden Change of 


« Winds, or a Ridge of Hills to meet the Current of the Ar and 


„ Vapours, woereby the Particles of the Vapours are driven to- 


* gether, and fo fall down in Drops of Rain. And hence it is, 


« that 
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IT is generally thought, That if the Vapours 
in their Deſcent paſs through a Region of Air 
ſufficiently cold, they are there frozen into 

Icicles, 


40 that whilſt the Wind blows from the North- eaſt, viz. from 
« November to April (ſee the Account of the Monſoons in the 
foregoing Diſſertation) © there are continual Rains in the north. 
4 erly Plantations of Jamaica, and on the Side of Coromandel 
« in the Eaſt- Indies, becauſe the Winds beat againſt that Side 
* of the Hills; and ſo there is fair Weather on the other Side 
© of theſe Hills, in Malzbar and in the ſouthern Plantations of 
& Jamaica, there being no Winds to drive the Vapours toge- 
& ther. But in the ſoutherly Monſoons, viz. from April to Ne. 
vember, Malabar and the ſoutherly Plantations of Jamaica 
have Floods of Rain, the Wind beating againſt that Side of 
the Hills, whilſt in Coromandel, and the other Side of Jamaica, 
there is fair and clear Weather. 
„This ſerves alſo to clear the Singularity of abe in Peru, 
beyond any other Parts of the Earth, and ſeems to be aſſigned 
by Acoſta as the Cauſe of it. Peru runs along from the Lin: 
Southwards about a thouſand Leagues. It is ſaid to be divided 
into three Parts, long and narrow, which they call Lars, 
Sierras, and Andes; the Lanos, or Plains, run along the South- 
Sea Coaſt ; the Sierras are all Hills with ſome Vallies; and 
the Andes fteep and craggy Mountains, The Lanos have ſome 
ten Leagues in Breadth, in ſome Parts leſs, and in ſome more; 
the Sierras contain ſome twenty Leagues in Breadth, the Andes 
as much, ſometimes more, ſometimes leſs ; they run in Length 
from North to South, and in Breadth from Eaſt to Weſt. This 
ON of the World is ſaid to have thefe remarkable Things; 
. All along the Coaſt, in the Lanos, it blows continually with 
ths only Wind, which i is South and South-weſt, contrary to 
that which aſually blows under the torrid Zone, 2. It never 
rains, thunders, ſnows, or hails in all this Coaſt, or Lan, 
though there falls ſometimes a ſmall Dew. 3. Upon the 
Andes it rains almoſt continually, though it be ſometimes 
more clear than other: 4. In the Szerras, which lie be- 
tween both Extreams, it rains from September to April, but 
in the other Seaſons it is more clear, which is when the Sun 
is fartheſt off, and the contrary when it is neareſt. Now 
e the Reaſon of all ſeems to be this: The eaſtern Breezes, 
which blow conſtantly under the Line, being ſtopp d in 55 
« Courle 
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Icicles, and form Snow. But this Opinion ſeems 
to be falſe; becauſe it frequently ſnows when 
the Barometer is high, at which Time the Va- 
pours cannot begin to fall. It is therefore more 
robable, that they are firſt frozen into Icicles, 
and by that Means ſhooting forth into ſeveral 
Points every Way from the Center (agreeably 
to the Nature of Freezing) loſe their Form; 
and ſo becoming ſpecifically heavier than Air 
fall down, and in their Paſſage, ſeveral being 
congealed together, form Fleeces of Snow k. 
HaiL is evidently no other than Drops of 
Rain congealed into Ice. This happens, when 
in their Paſſage through the inferior Air, they 


« Courſe by the Szerras and Andes, and yet the ſame Breezes 
“ being to be found in the South-Sea beyond Peru, as appears 
“ by the eaſy Voyages from Peru to the Philippines, a Current 
e of Wind blows from the South on the Plains of Peru, to ſup- 
« ply the eaſtern Breeze on the South-Seas, and there beipg but 
© one conſtant Gale on theſe Plains, and no contrary Winds or 


«Hills for it to beat upon, this ſeems to be the Reaſon why the 


“% Vapours are never or very ſeldom driven into Rain. And 
* the Andes being as high perhaps in many Places as the Va- 
pours aſcend in the higheſt Degree of the Atmoſphere's Gra- 
vity, this may probably be the Reaſon, why the eaſtern 
Breeze, beating conſtantly againſt theſe Hills, occafions Rain 
upon them at all Seaſons of the Year. And the Sierras being 
it ſeems lower than the Andes, therefore from September to 
April, when the Sun is neareſt, and fo the Atmoſphere's 
“Gravity leſs, and the Vapours lower, they are driven againſt 
« the Szerras into Rain.“ | 
The like is to be ſaid of other Countries. They are all, cœteris 
paribus, more or leſs rainy, as they are more or leſs mountainous. 
_ Egypt, which is quite without Mountains, has ſeldom or 
never any Rain; but it is plentifully watered by the Mile, which 
yearly ariſes above its Banks, and overflows the Country. 


See a Diſcourſe on the Nature of Snow, Philoephical 
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meet with nitrous Particles, which are known 
to contribute greatly to Freezing. Their 
Magnitude is owing to a freſh Acceſſion of 
Matter, as they paſs along. Hence we ſee the 
Reafon why Hail is ſo frequent in Summer, 
N becauſe at that Time greater Quantities of Nitre 
| are exhaled from the Earth, and float up and 
down in the Air. 

Ir the Vapours, after they are exhaled from 
off the Waters, do not riſe very high in the 
Atmoſphere, but hover near the Surface of the 
Earth, they then conſtitute what we call a 
F og. And, if they aſcend higher, they till 
appear in the ſame Form to thoſe, who, being 
upon the Tops or Sides of Mountains, are at 
an equal Height with them; though to thoſe, 
who are below, they appear as Clouds. 

Ir they fall to the Earth, without uniting 
into Drops, large enough to be called Rain, 

they are then ſaid to fall in Dew. 


% 


Sn farther on this Subject, Derham's Phyſ. 
Theolog. Book I. Chap. 3. and Book 1 
Chap. 5. Spectacle de la Nature, Dialog. 2 
and 23. Nieuwentyt Contempl. 19. Cres 
Motion of Fluids. Regnault, Vol. III. Con- 
verſat. 7. Muſſchenbroek Epitom. Phyſ. Ma- 
themat. Par. II. Cap. 24. Melchior Verdries 
Phylic, Pars ſpecial. Cap. V. F. 8. And the 
Authors referred to in Mr. Yohnſon's Quæſtiones 
Philoſoph., Cap. IV. Queſt. 7. ZR 
D I S- 
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as is here ſuppoſed. | 
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DISSERTATION VI. 
Of the Cauſes of Thunder ond Light- 


ning, and of the Aurora Borealis. 


FTIUVHOSE Philoſophers, who maintain that 
Vapours are buoyed up into the Air, by 
Particles of Fire adhering to them (as ex- 
lained in the foregoing Diſſertation) account 
for the Phenomena of Thunder and Lightning, 
in the following Manner : They ſuppoſe, that 


from the Particles of Sulphur, Nitre, and other 
. combuſtible Matter, which are exhaled from 


the Earth, and carried into the higher Regions 


of the Atmoſphere, together with the aſcend- 


ing Vapours, is formed an inflammable Sub- 
ſtance; which, when a ſufficient Quantity of 
fiery Particles is ſeparated from the Vapour by 
the Colliſion of two Clouds, or otherwiſe, 
takes Fire, and ſhoots out into a Train of 
Light, greater or leſs, according to the Strength 
and Quantity of the Materials. 

Taz Opinion is falſe for the Reaſons men- 
tioned in the foregoing Diſſertation, which 
plainly ſhew, that it is impoſſible the Vapours 
ſhould be attended with ſuch fiery Particles, 
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144 Of the Cauſes of Thunder Part Il. 
Ne1THER have we Occaſion to fly to ſuch an 
Hypotheſis ; for, as Vapours exhaled from the 
Surface bf the Water are carried up into the 
Atmoſphere; in like Manner, the EHuvia of 
ſolid Bodies are continually aſcending thither; 
Now we find by Experiment, that there are 
ſeveral met Bodies, which, being mix- 
ed together in due Proportion, will kindle into 


Flame by Fermentation alone *, without the 


OP of any fiery Particles +. When there. 


fore 


* See the Theory of Fermentation explained i in the following 
Diſſertation. 


+ Monſieur Lemery having covered up in the Earth about ff) 


Pounds of a Mixture compoſed of equal Parts of Sulphur, ard 
Filings of Iron tempered with Water ; after eight or nine Hours 
Time, the Earth, where it was laid, vomited up Flames, 
Hiſt. de I'Acad. 1700, p. 574. 

From this Experiment we ſee the true Cauſe of the Fire of 
Hina and Yeſuvius, and other burning Mountains. 
bably are Mountains of Sulphur, and ſome other Matter proper 
to ferment with it, and take Fire. From like Cauſes e 
the Heat of Bath- Waters, and other hot Springs. 

Mix a ſmal! Quantity of Gun- Powder with Oil of Cloves, pour 
gently upon this Mixture two or three Times as much Spirit of 


Nitre, and you will obſerve a bright Inflammation | ſuddenly 


ariſing from it. A Mixture of the two Fluids alone will take Fire; 
the Powder is added only to augment the Inflammation. 

Take two Pounds of Nitre, or refined Salt. Petre, well dried and 
reduced to the fineſt Powder, with a Pound of Oil of common 
Vitriol : From this Mixture may be drawn by Diſtillation a Spirit 
of Nitre capable of inflaming Oil of Turpentine. Mem. de 
I'Acad, 1762, p. 97, &c. Put into a Glaſs an Ounce of this 
Spirit of Nitre, with an Ounce of Oil of Vitriol ; pour upon it an 
equal Quantity of Oil of Turpentine, and a very fine Flame will 
ariſe ſuddenly with a great Exploſion. When the Liquors are 


freſh the Effect is much greater. If we mix a Dram of the Spirit 


of Nitre, and three of Oil of Turpentine, with only one of the 
pirit 


They pro- 
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Diff. VII. and Lightning, &c. 145 
fore there happens to be a proper Mixture of 
the Effluvia of ſuch Bodies floating in the 
Air, they ferment, kindle, and flaſhing like 
Gun-Powder, occaſion thoſe Exploſions, and 
Streams of Fire, which we call Thunder and 
Lightning. 3 = 

As to the particular Species of the Efiuvza, 
which compoſe this Mixture, that cannot ex- 
actly be determined; they are thought to be 
chiefly ſulphureous and nitrous ; Sulphureous, 
becauſe of the ſulphureous Smell which Light- 
ning generally leaves behind it, and of that 
ſultry Heat in the Air which is commonly the 
Fore-runner of it : Nitrous, becauſe we don't 
know of any Body ſo liable to a ſudden and 
violent Exploſion, as Nitre is “. e 
THE 
Spirit of Vitriol, the Mixture will take Fire immediately. If the 
ſame Experiment be made with the Balm of Mecca, a ſudden 
Flame will ariſe, with a Noiſe like that of the Report of a Gun. 

There are two Celebrated Experiments of this Kind, though 
they do not come up exactly to the preſent Purpoſe, becauſe 
they will not ſacceed, unleſs the Ingredients be firſt heated, the 
one of Aurum fulminans, and the other of Pulvis fulminans. 
The firſt is a Mixture of Salt of Tartar, and Gold diſſolved by 
Aqua Regia. A ſmall Quantity of this, if put into a Braſs Spoon, 
and heated with the Flame of a Candle, cauſes a ſudden Noiſe 


reſembling that of Thunder; and goes off with great Violence. 
The other is a Mixture of three Parts of Nitre, two of Salt of 


= Tartar, and one of Sulphur. This Mixture when ſet upon the 


Fire, and warmed to a certain Degree, is difiipated all on a ſud- 
den with great Thundering, like the Aurum fulminans. 

See an Account of Exhalations taking Fire of their own 
Accord in Coal-Pits. Powwer's Experimental Philoſophy, p. 62. 
and 181. Hi 
Dr. Liſter is of Opinion, That the Matter both of Thunder 
and Lightning, and alſo of Earthquakes, is the Z7via of the 

| | Pyrites ; 


\ 
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Taz Effects of Thunder and Lightning ate 
.owing to the ſudden and violent Agitation the 
Air is put into thereby, together with the 
Force of the Exploſion *; and not to Thun- 
derbolts falling from the Clouds, as ſuppoſe 


a 


by the Vulgar F. 


Pyrites; as he does, that the Matter of J. ulcano's is the Pyrit 
itfelf. This is a Mineral that emits copious Exhalations, and i 
exceedingly apt to take Fire upon the Admiſſion of Moiſture. 
See the Doctor's Defence of his Notions in the Philojephicl 
Tranſaftions, Ne 157. He thinks this may be the Reaſon why 
Eugland is ſo little troubled with Earthquakes, and 7a, and 
almoſt all Places round the Mediterranean Sea, ſo very much, 
viz. becauſe the Pyrites are rarely found in England; and 
where they are, they lie very thin, in Compariſon of what they 
do in thoſe Countries: As the vaſt Quantity of Sulphur, emitted 
from the burning Mountains there, ſeems to few. 
Lightning is ſaid to have diſſolved Silver, without burning 
the Purie it was in; and to have melted the Sword, without 
touching the Scabbard, and the like. The Occaſion of this 
may poſſibly be, that the Matter of the Exhalation may be ſo 
ſubtle and penetrating, that, as we ſee it happens with Aqu 
Fortis, or volatile Salts, it may paſs through ſoft Bodies with- 
out altering their Texture, while it ſpends its whole Force on 
Hard ones, in which it finds the greater Reſiſtance. | 
I Some are inclined to think, that Thunderbolts are arti- 
ficial, and that they were applied by the Aricients to ſome Uſe, 
What confirms them in their Opinion, is, that they are found 
more frequently where Sepulchres have been, than in other 
Places. And, as it was the Cuſtom of the Ancients to have 
their Arms buried with their Aſhes, they think they might be 
of ſome Uſe in War. Some are of Opinion, they were uſed in 
Sacrifices. See Melchior Verdries Phyſic. Pars ſpecial. Cap. V. 
8. 9. Wedelius Exercit. Med. Philo). Cont. II. Dec. I. p. 103. 
Schminckius Prof. Marpurg. Diſſertat. de U:nis Sepulchralibus, 
& Armis Lapideis, A. 1714. Herman Nunningius Sepulchret. 
Weſtphal. Mimigard. Gentil. p. 44. 7. Henr, Cobarſen Oſſileg. 


Hiſtor. Phyſic. p. 44. | 
Tur 


8 
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Tux Diſtance the Thunder is from us, may 
nearly be eſtimated by the Interval of Time 


between our ſeeing the Lightning, and hearing 


the Thunder. For, as the Motion of Light is 


ſo very quick, that the Time it takes up in 


coming to us from the Cloud, is not percep- 
tible; and as that of Sound is about a thou- 
ſand Feet in a ſecond; allowing a thouſand 
Feet for every Second, that paſſes between our 
ſeeing the one, and hearing the other; we 
have the Diſtance of the Cloud, pretty nearly, 
from whence the Thunder comes. 

| Ws ſometimes ſee Flaſhes of Lightning, 


though the Sky be clear and free from Clouds; 


in this Caſe they proceed from Clouds, that 
lie immediately below our Horizon. 


Or Affinity with the Phenomena of Light- 


ning are thoſe of the Aurora Borealis, or Nor- 


thern Lights, which, of late Years, have very 
frequently appeared in our Climate *. Theſe 
Lights differ ſo much from each other, that to 


give a Deſcription of one alone, would not be 


* Phenomena of this Kind are reported to have been very 
frequent in Greenland, Iceland, and Noraway, Countries near the 
Pole. The only ones, that are upon Record, as having appear- 
ed in England, before that of March the 6th, 1748, are thofe 
of January the zoth, 1560, October the 7th, 1564, Newemorr 
14th and 15th, 1574, and a ſmall one ſeen near London on the 
gth of Augy/t, 1708. On November the 16th, 1707, a ſma'l 
one appeared in {re/and. Since that of March the 6th, 17488, 
they have been, and ſtill continue very common. 
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ſufficient to acquaint the Reader with all the 
Circumſtances wherewith they are attended. 


1 


ſhall therefore collect together ſuch Pha. 


mena, as have been moſt generally obſerved, 
and reduce them to the ten following Propoſ- 


tions, adding in the Notes, by Way of Sßpeci. 


men, a full Account of that moſt remarkable 


Aurora, which was ſeen March the 6th, 171 


5 
63 


as it was laid before the Royal Society by Dr. 


Halley, at their Requeſt *. 


666 


Name of God. Others to thoſe radiatin 


Tur 


* « On Tueſday the 6th of March, in the Year 1716 (the Af. 
ternoon having been very ſerene and calm, and fomewhat 
warmer than ordinary) about the Time it began to grow dark 
(much about ſeven of the Clock) not only in London, but in 


all Parts of England, where the Beginning of this wonderful 


Sight was ſeen; out of what ſeemed a duſky Cloud, in the 
North-eaſt Parts of the Horizon, and ſcarce ten Degrees high, 
the Edges whereof were tinged with a reddiſh Yellow, like as 


if the Moon had been hid behind it, there aroſe very long 


luminous Rays, or Streaks perpendicular to the Horizon, ſome 
of which ſeemed nearly to aſcend to the Zenith. Preſently al. 
ter, that reddiſh Cloud was fwiftly propagated along the 
northern Horizon into the North-weſt, and ſtill farther weſter- 


ly; and immediately ſent forth its Rays from all Parts, now 


here, now there, they obſerving no Rule or Order in their nl- 
ing. Many of thoſe Rays, ſeeming to concur near the Zen), 


formed there a Corona, or Image, which drew the Attention 


of ail Spectators. Some likened it tv that Repreſentation of 
Glory, wherewith our Painters in Churches ſurround the Holy 
g Stars, wherewith 
the Breaſts of Kigh!s of the Order of the Garter are adorned, 


© Many compared it to the Concave of the great Cupola of St. 


Paul's Church, diflinguiſhed with Streaks alternately light and 
obſcure, and having in the Middle a Space leſs bright than the 
reſt, reſen;biirg the Lanthorn, Whilſt others, to expreſs as 
vell the Motion as Figure. thereof, would have it to be like the 


« Flame in an Oven, revecberatin g and rolling againſt the arched 


% Roof 


* 
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Tur moſt general Phenomena of an Aurora 

Borealis are theſe that follow. „ 
1. IN the northern Parts of the Horigon, 
there is commonly the Appearance of a very 
MT, black 


Roof thereof: Some thought it liker to that tremulous Light, 
« which is caſt againſt the Cieling by the Beams of the Sun, re- 
« flected from the Surface of the Water in a Baſon, that is a little 
« ſhaken. But all agree, that this Seltrum laſted only a few 
« Minutes, and exhibited itſelf variouſly tinged with Colours, 
« Yellow, Red, and a duſky Green: Nor did it keep in the 
« ſamePlace; for when firſt it began, it appeared a little to the 


« the South, the long Szris of Light, which aroſe from all 
« Parts of the Northern Semicircle of the Horizon, ſeemed to 
„ meet together, not much above the Head of Caftor, or the 
« northern 7avin, and there ſoon diſappeared. 

After the firſt Inpetus of the aſcending Vapour was over, 
'« the Corona appeared no more; but flill, without any Order, 
« as to Time or Place, or Size, luminous Radii, like the former, 
„continued to ariſe perpendicularly, now oftener, and again 
te ſeldomer; now here, now there; now larger, now ſhorter. 
« Nor did they proceed, as at firſt, out of a Cloud, but oftener 
« would emerge at once out of the pure Sky, which was more 
i than ordinary ſerene and ſtill, Nor were they all of the ſame 
« Form. Moſt of them ſeemed to end in a Point upwards, 
« like erect Cones; others like truncate Cones, or Cylinders, 
« ſo much reſembling the long Tails of Comets, that at firſt 
« Sight they might well be taken for ſuch. Some of thoſe 
% Rays would continue viſible for ſeveral Minutes; when others, 
% and thoſe the much greater Part, juſt ſhewed themſelves, and 
« died away. Some ſeemed to have little Motion, and to ttand, 
e as it were, fixed among the Stars, whilſt others, with a very 


Means they would ſometimes ſeem to run together, and at 
« other Times to fly one another. „ 
« After this Sight had continued about an Hour and a half, 
* thoſe Beams began to riſe much fewer in Number, and not near 
« ſo high; and by Degrees, that diffuſed Light, which had 11- 
G3 «+ lulyated 
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« perceptible Tranſlation, moved from Eaſt to Welt under the 
« Pole, contrary to the Motion of the Heavens; by which 
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black Cloud; but it is evident that it is ng 
real Cloud, becauſe the ſmalleſt Stars are vi. 
ſible through it. This apparent Cloud is ex- 


tended ſometimes farther towards the Weſt, 


66 


than 


Juſtrated the northern Parts of the Hemiſphere, ſeemed to ſub. 


fide, and ſettling on the Horizon, formed the Reſemblance of 


a very bright Crepuſculum. That this was the State of this 
Phenomenon, in the firſt Hours, is abundantly confirmed by the 
unanimous Conſent of ſeveral. For, .by the Letters we have 
received from almoſt all the extreme Parts of the Kingdom, 
there is found very little Difference from what appeared at 
London and Oxford; unleſs that in the North of England, 
and in Scotland, the Light ſeemed ſamewhat ſtronger and 
brighter, 1855 | | 

« Hitherto I have related the Obſervations of others; as to 
myſclf, I had no Notice of this Matter, till about nine of the 


Clock: I immediately perceived towards the South and South. 


| weſt Quarter, that though the Sky was clear, yet it was tinged 


with a ſtrapge Sort of Light; ſo that the ſmaller Stars were 
ſcarce to be ſeen, and much as it is when the Moon of four 
Day old appears after Twilight. I perceived at the ſame 
Time a very thin Vapour to paſs before us, which aroſe from 
the preciſe Eaſt Part of the Horizon, aſcending obliquely, fo 
as to leave the Zenith about fifteen or twenty Degrees to the 
Northward. But the Swiftneſs wherewith it proceeded, was 
ſcarce to be believed, ſeeming not inferior to that of Light- 
ning; and exhibiting, as it paſſed on, a Sort of momentaneous 
Nubecula, which dilcovered itſelf by a very diluted and feint 
Whiteneſs; and was no ſooner formed, but, before the Eye 
could well take it, it was gone, and left no Signs behind it. 
Nor was this a ſingle Appearance; but for ſeveral Minutes, 
about ſix or ſeven Times in a Minute, the ſame was again and 
again repeated ; theſe Waves of Vapour regularly ſucceeding 
one another, and at Intervals very nearly equal; all of them 
in their Aſcent producing a like tranſient Nubecula. 


By this Particular we were firſt aſſured, that the Vapour we 


ſaw, became conſpicuous by its own proper Light, without the 


Help of the Sun's Beams; for theſe Nubeculæ did not diſcover 


themſelves in anv other Part of their Paſſage, but only between 
the” Souch eaſt and South, where being oppoſite to the es 
| 66 t ey 
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than to the Eaſt; ſometimes farther towards 
the Eaſt, than to the Weſt ; and generally takes 


up a Quarter of the Horizon, more or leſs. 
2. THE 


© they were deepeſt immerſed in the Cone of the Earth's Sha- 

« dow ; nor were they viſible before or after. Whereas the 
4 contrary muſt have happened, had they borrowed their Light 
« from the dun: . 8. 8 

„ On the weftern Side of the northern Horizon, viz. between 
« Welt and North-weſt, not much paſt ten of the Clock, I ob- 
« ſerved the Repreſentation of a very bright Twilight, con- 


« tipuous to the Horizon, out of which aroſe very long Beams 


« of Light, not exactly erect towards the Vertex, but ſomething 
&« declining towards the South; which, aſcending by a quick 
« and undulating Motion to a conſiderable Height, vaniſhed in 
© a little Time; whilſt others, though at uncertain Intervals, 
« ſupplied their Place. But at the ſame Time, through all the 
© reft of the northern Horizon, wiz. from the North-weſt to 
«© the true Eaſt, there did not appear any Sign of Light to ariſe 
from, or join to, the Horizon; but what appeared to be an 
„ exceeding black and diſmal Cloud, ſeemed to hang over all 
* that Part of it. Yet was it no Cloud, but only the ſerene Sky, 
more than ordinary pure and limpid, fo that the bright Stars 
„ ſhone clearly in it, and particularly Canuda Cygni, then very 
low in the North; the great Blackneſs manifeſtly proceeding 


* from the Neighbourhood of the Light, which was collected 


above it. For the Light had now put on a Form quite different 
from all that we have been deſcribing, and had faſhioned itſelf 
« into the Shape of two Laminæ, or Streaks, lying in a Poſition 
parallel to the Horizon, whoſe Edges were but ill terminated. 
They extended themſelves from the North by Eaſt to the 
* North-eaft, and were each about a Degree broad; the under- 
** moſt about eight or nine Degrees high, and the other about 
four or five Degrees over it; theſe kept their Places for a long 
„Time, and made the Sky ſo light, that I believe a Man might 
* eaſily have read an ordinary Print by the Help thereof. 


Whilſt I was viewing this ſurpriſing Light, and expecting 


% what was farther to come, the northern End of the upper La- 
mina by Degrees went downwards, and at length cloſed with 
* the End of the other that was under it, ſo as to {hut up on the 
North Side an intermediate Space, which ſtill continued open 
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152 Of the Aurora Borealis. Part Il. 
2. Tux upper Edge of this Cloud (which 
is ſometimes within leſs than fix Degrees of 
the Horizon, and ſometimes forty or fifty above 
It) 
& to the Eaſt. Not long after this, in the ſaid included Space, [ 
* ſaw a great Number of ſmall Columns, or whitiſh Streaks, tg 
* appear ſuddenly erect to the Horizon, and reaching from the 
© one Lamina to the other; which inſtantly diſappearing, were 
© too quick for the Eye, ſo that I could not judge, whether they 
«© aroſe from the under, or fell from the upper; by their ſudden 
« Alterations, they made ſuch an Appearance, as might well 
© enough be taken to reſemble the Conflict of Men in Battle, 
And much about the ſame Time, there began on a ſudden to 
c appear, low under the Pole, and very near due North, three or 
1 four locid Areas, like Clouds, diſcovering themſelves in the 
t pure but very black Sky, by their yellowiſh Light. Theſe, a 
& they brcke out at once, ſo after they had continued a few 
«« Minutes, diſappeared as quick, as if a Curtain had been drawn 
« over them: Nor were they of any determined Figure, but 
«© bath in Shape and Size might properly be compared to {mall 
& Clouds illuminated by the full Moon, but brighter. 
„Not long after this, from above the foreſaid two Lamine, 
©: there aroſe a very great Pyramidal Figure, like a Spear, ſharp 
*: at the Top, whoſe Sides were inclined to each other, with an 
% Angle of about four or five Degrees, and which ſeemed to 
« reach up to the Zenith, or beyond it. This was carried with 
4% an equable, and not very flow Motion, from the North-eaſt, 
© where it aroſe, into the North-weſt, where it diſappeared, ſtil 
keeping in a perpendicular Situation, or very near it; ard 
« paſling ſucceſſively over all the Stars of the /!z/e Bear, did 
not <face the ſmaller ones in the Tail, which are of the fifth 
„ Magnitede ; ſuch was the exiream Rariety, and Perſpicutty 
of the Matter whereof it conſiſted. | 
This fingle Beam was very remarkable for its Height above 
« all thoſe, that, for a great while before, had preceded it, or 
C that followed it. | | 
* It being now paſt eleven of the Clock, and nothing new of- 
* fering itſelf to our View, but repeated Phaſes of the ſame 
. Spectacle; I obſerved, that the two Laminæ, or Streaks, 
*: parallel to the Horizon, had now wholly diſappeared; and 
the whole Spectacle reduced itſelf to the Reſemblance wy ey 
; 5 a mragat 
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it) is generally terminated with a very lucid 


Arch, from one to four or five Degrees broad, 
whoſe Center is below the Horizon. Some- 
| times 


« bright Crepuſculum ſettling on the Northern Horizon, ſo as to 


« be brighteſt and higheſt under the Pole itſelf ; from whence it : 


« ſpread both Ways into the North-eaſt and North-weſt. Un- 
« der this, in the Middle thereof, there appeared a very black 


Space, as it were the Segment of a leffer Circle of the Sphere 


* 


cut off by the Horizon. It ſeemed to the Eye like a dark 


“% Cloud, bat was not ſo ; for by the Teleſcope the ſmall Stars 


% appeared through it more clearly than uſual, confidering 
% how low they were: And upon this as a Bas, our Lumen 
* Auroriforme reſted, which was no other than a Segment of a 
„ Ring, or Zone of the Sphere, intercepted between two pa- 


« rallel leſſer Circles, cut off likewiſe by the Horizon; or the 


« Segment of a very broad Iris, but of one uniform Colour, 


« wiz. a Flame-Colour inclining to Yellow, the Center thereof 


“ being about forty Degrees below the Horizon, And above 
this there were ſeen ſome Rudiments of a much larger Seg- 
e ment, with an Interval of Sky between, but this was fo ex- 
te ceeding feint and uncertain, that I could make no proper 
« Eſtimate thereof. | | 3 

„ attended this Phenomenon till near three in the Morning, 
« and the Riſing of the Moon: But for above two Hours toge- 
* ther it had no Manner of Change in its Appearance, nor Di- 
* mination, nor Increaſe of Light; only ſometimes, for very 
« ſhort Intervals, as if new Fewel had been caſt on a Fire, the 


Light ſeemed to undulate and ſparkle not unlike the riſing of 


ea vaporous Smoak out of a great Blaze when agitated. But 
% one Thing I aſſured myſelf of, that the ris like Figure did by 
no Means owe its Origin to the Sun's Beams: For that about 
three in the Morning, the Sun being in the Middle between 


aA 
** 


the North and Eat, our Aurora had not followed him, but 


ended in that very Point where he then was: Whereas in the 


* true North, which the Sun had long paſſed, the Light re- 


* mained unchanged, and in its full Luſtre.” 
Appearances of this Kind have been taken Notice of by both 


Pliny, Seneca, and Ariſtotle; the laſt of which calls the vibrating 


Light near the Zenith, Aab; the more ſteady perpendicular 
Streams, Abr; and the Aurora itſelf, from the apparent dark 
Cloud jult below it, xe, That Aurora which was ob.erved 
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times there are two or more of theſe Arches, 
one above another. In ſome, the Cloud is not 
terminated by an Arch, but by a long bright 

| 5 Streak 


by Monſieur Gaſendi in Prowenge, on the 21ſt of September, in 
the Year 1621, was very remarkable, at that Time. 

He tells us, that about the End of Twilight in the Evening, 
when the Sky was very clear, and there was no Moon, there 
appeared in the North a Sort of a riſing Morn, which aſcend. 
ing by Degrees, became intermingled with certain Streaks, as 
it were, or Rays perpendicular to the Horizon: And that at the 
ſame Time there appeared ſome ſmall paſſiag whitiſh Clouds 
between the South and the Place of the Sun's ietting in Winter: 
And that in the Place where the Sun ſets in Summer, a bright 
Redneſs ſeemed to ariſe in the Form of a Pyramid, which 
moved towards the ſetting of the Sun at the Fquinex ; and 
which was diſtinguiſhed into three ſeveral Pyramids, which in 
a little Time were confounded one with another, and at laſt 
diſappeared. When this Redneſs ceaſed, the northern Whiteneſs 
* riſen forty Degrees or more, that is, about the Altitude of 
the Pole-Star, forming itſelf into an Arch, and taking up near 
ſixty Degrees of the Horizon, After this, certain Chewrons, or 
Columns of Rays, ſome whiter, and ſome a little darker, began 
more plainly to be diſtinguiſhed, of about two Degrees in 
Rreadth, and perpendicularly poſited ; ſo that all that Part ap- 
Peared as it were fluted, The whole Circumference imme- 
diately appeared ſcalloped ; and then ſome of thoſe Columns 


Which were in the Middle, and that were the whiteſt, began as 


It were to leave their Places with great Impetuoſity, and in lels 
than a Quarter of a Minute, raiſed themſelves almoſt to the 
Top, putting on the Form of Pyramids, which they would re- 
tain four or five Minutes. It was about nine of the Clock, 
When the Arch of Whiteneſs began to decreaſe or ſink; at 
Which Time certain very white Streams of Smoke began to 
iſſue out from the Colymns which were remaining under the 
Pyramids, and darting upwards with very great Rapidity 


through the Pyramids, like Javelins, vaniſhed immediately 


when they came to the Tops of them. This Spectacle laſted 
about an Hopr ; after which the Whiteneſs ſunk down to 


* 
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7 by Degrees of the Horizon. Vide Abreg? dt Caſiud, 


This 
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Streak of Light, lying parallel to the Horizon. 
The Limb of this luminous Arch, or parallel 
Streak, is not always even and regular, but 
ſinks lower in ſome Parts than in others. 

3. Our of this Arch proceed Streams of 
Light, generally perpendicular to the Horigon, 
but ſometimes a little inclined to it. Moſt of 
them ſeem to end in a Point, like Pyramids 
or Cones; and often very much reſemble. the 
Tails of Comets. Sometimes there is no lumi- 
nous Arch, nor Streak of Light; and then 


dark Cloud, being diſtin&t from each other at 
their Baſes. el 7s 

4. Tax upper Ends of the Streams inceſſant- 
ly appear and vaniſh again, as quick as if a 
Curtain were drawn backwards and forwards 
before them ; which ſometimes cauſes ſuch a 
ſeeming Trembling in the Air, that you would 


This Phenomenon appeared not only to Gaſſendi in Provence, 
but was ſeen at Places very diſtant from thence, as Touloſe, Mon- 
taubon, Bourdeaux, Grenoble, Dijon, Paris, and Roan, &c. and 
at moſt other Places in France, and the neighbouring Countries, 
that lie to the Northwards of Prowence, unleſs where it was in- 


Diſtance to the Southwards of it. | 
Monſieur Gglſendi is thought to have given the Name of 
Aurora Borealis to this Phenomenon; but this is obſerved by 
Monſieur Mairan, to be a Miſtake. See Mr. Mairan's Phy- 
kcal and Hiſtorical Treatiſe of the Aurora Borealis, in the 
Memoires de I Academie Royale des Sciences, Annte 1 731, or an 


Abſtract of it in Philepb. Tranſact. No 431. . 
1 imagine 


the Streams ſeem to iſſue out from behind the 


tercepted by Clouds; but no where in ſuch as lie at any great 


e 
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imagine the upper Part of the Heavens to be, 
as it were, in Convulſions “. 

5. Tur ſometimes ſeem to meet in the Ze- 
nitb, or more commonly to the Southward of 
it, about ten Degrees, more or leſs (ſometimes 
they deviate a little to the South-eaſt of the 
Meridian, and ſometimes to the South-weſt ;) 
and there curling round, in ſome Meaſure, imi- 
tate Flame confined under an Arch; and being 
frequently tinged with various Orders of Co- 
lours, exhibit a moſt beautiful Appearance, re- 
ſembling a Canopy finely painted ꝙ, of about 
ten or twenty Degrees in Breadth. 

IN many Aurora's, there are Streams aſcend- 
ing from thoſe Parts of the Heavens, which lie 
ſeveral Degrees to the Southwards of the Cano- 
py; and in ſome, they appear to ariſe, though 
very rarely, almoſt as large and numerous 
from the ſouthern, as from the northern Parts 
of the Horizon. 

6. Tas Height of the Aurora Borealis | is 
very great ; for that of March the 6th, 1755, 
was viſible from the Weſt Side of Ireland, to 
the Confines of Ruſſia and Poland on the 
Eaſt, and perhaps farther ; extending at leaſt 
cover thirty Degrees of Longitude, and in La- 


* See their Motions well deſcribed in the Account we have 
of an Aurora in the Philoſoph. Jranſact. No 395. Art. 2. 


See the various Colours of the Canopy, as well as thoſe of 


an Aurora itſelf, accurately deſcribed by Green wood, in Plilsjapb. 
TO: No 418. Art. 1. 


titude 
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titude from about the fiftieth Degree over al- 
moſt all the North of Europe, and at all Places 
exhibiting, nearly at the ſame Time, the lame 
Appearances. 

7. THESE Appearances have always been 

very frequent (as far as the Accounts we have 
of them inform us) in Countries that he in, or 
near the frigid Zone, but very rare in thoſe 
of our Latitude; they are now become very 
frequent with us, but always ſeem to proceed 
from the North ; and are as yet unknown to 
the Inhabitants of the more ſouthern Parts of 
our Hemiſphere. Whether they are ſeen to 
thoſe, who inhabit in, or near the other frigid 
Zone, 1s to us unknown. 
8. In ſome, there are Trains of Light run- 
ning horizontally, ſometimes from the Middle 
to the Extremes, and ſometimes from one Ex- 
treme to the other. And from theſe Trains 
often ariſe Streams perpendicular to the Hori- 
20n, and een them as they pals 
_ 


War all the Streaming is over, the Au- 
rora Borealis commonly degenerates into a 
bright Twilight in the North, and there gra- 
dually dies away. 

10. Ir is probable, that theſe Phenomena 
often happen in cloudy Nights, though we are 
not ſenſible of them; for 'tis obſervable; that 
in ſuch Nights there is n more Light 

„„ 
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than what uſually proceeds from the Stars 


* 


alone. 


THE moſt obvious Solution of the Aurora 
Borealis, or at leaſt what would appear ſo, 
to ſuch as have only attended to the Circum- 
ſtances of ſome particular ones, and which has 
accordingly been affixed by ſeveral “ to their 
Accounts of the Aurora's they have ſeen, is, 
that it is a thin Nitro-ſulphureous Vapour, 


raiſed in our Atmoſphere conſiderably higher 


than the Clouds; that this Vapour by Fer- 
mentation takes Fire, and the Exploſion of 
one Portion of it kindling the next, the 
Flaſhes ſucceed one another, till the whole 


Quantity of Vapour within their Reach is ſet 


on Fire. 


 * Profeſſor Cotes, at the End of his Deſcription of a Pham- 

menon of this Kind, inſerted in the Philoſophical Tramſactions, 
Ne 365, obſerves, that ſuppoſing a Fund of Vapours or Exha- 

lations at a conſiderable Height above us to be diffuſed every 
Way into a large and ſpacious Plane, parallel to the Horizon, 
that Fund of fixed Matter by Fermentation will emit Streams; 
and that, if the Wind be ſtill, they will aſcend perpendicularly 
upwards; otherwiſe they will be inclined towards that Point of 
the Horizon which is oppoſite to that from which the Wind 
blows ; and that they will appear, by the Rules of Perſpective, 


in the firit Caſe, to converge to the Spectator's Zenith, in the 


other, to ſome Point not far from it; and that if this Fund of 
Vapours be ſituated more to the North than the South, it will 
produce Streams of Light, attended with ſuch Circumſtances 4s 
then appeared: But he does not ſay, why the Vapours ſhould 
be ſituated rather to the North than to the South, or proceed to 
account for all the Phœnomena of the Aurora Borealis in general 
N RT 
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| Some have thought, that Vapours rarefied 
exceedingly by ſubterraneous Fire, and tinged 
with ſulphureous Steams, might from thence 


be diſpoſed to ſhine in the Night, and rifing 


up to the Top of the Atmoſphere, or even be- 


yond its Limits (as we find the Vapours of 


Gun-powder, when heated in Vacuo, will ſhine 
in the Dark, and aſcend to the Top of the 
Receiver, though exhauſted) might produce 


thoſe Undulations in the Air, which conſtitute 


this Phenomena, _ 

Bor theſe Hypotheſes have been rejected, as 
inſufficient; it having been thought impoſſible 
to account for all the Circumſtances of the 
Aurora by them K. 


eln the Commentaries of the Academy of Sciences at Peter/- 
burgh, I find a late Solution of the Aurora Borealis from Exhala- 
tions fermenting and taking Fire in the Atmoſphere, which, the 
Author Chr. Mair ſays, occaſion the Appearance of the lucid 
Arch in the North, and thinks that the Streams, which ſeem 
to iſſue from thence, are no other than the Light of that Arch 
reflected to us from the under Side of ſome thin Clouds, that 
lie above it. As to its appearing in the North rather than in the 
South, he ſuppoſes that may be owing to the Cold of thoſe Re- 
gions condenſing the Exhalations, and thereby rendering them 
more liable to ferment than they are in the ſouthern; but 
acknowledges ingenuouſly, that he has no Reaſon to ſuppoſe 
this, but its being neceſſary to his Solution. At the End he tells 
us, That it was known in ancient Times as well as lately: But 
omits taking Notice, that it appears much oftener of late Years 
in our Climate than it uſed to do; and ſo avoids accounting for 


that Particular. Jide Commeniar. Academ. Scientiar. Imperial. 


Petropolitan. Tom. I. p. 3 51. 
DR. 
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160 Of the Aurora Borealis. Part I] 
DR. Halley therefore has Recourſe to the 

magnetic Effluvia of the Earth, which he ſup. 

. Poles to pertorm the ſame Kind of Circulation 
with Regard to it, as the Euvia of any par- 
ticular Terrella * do with Reſpect to that, viz. 
that they enter the Earth near the South Pole, 
and pervading its Pores, paſs out again at the 
| fame Diſtance from the northern: And thinks, 
they may ſometimes, by the Concourſe of ſe 


_ . veral Cauſes very rarely coincident, and to us 


as yet unknown, be capable of producing a 
ſmall Degree of Light, either from the greater 
Denſity of the Matter, or perhaps from the 
greater Velocity of its Motion; after the fame 
Manner, as we ſee the Efluvia of Electric 
Bodies emit Light in the Dark. 
MonsigevR de Mairan has given us a Phy- 
fical and Hiſtorical Treatiſe of the Aurora Bo- 
realis, and endeavours to prove that it is owing 
to the Zodiacal L:ght, or the Atmoſphere of 
the Sun, ſpread on each Side of it along the 
Zcdiac in the Form of a Pyramid. This, he 
ſays, is ſometimes extended to ſach a Length 
as to reach beyond the Orbit of our Earth, and 
then mixing itſelf with our Atmoſphere, and 
being of an Heterogeneous Nature, produces 


EF 


A round Magnet, ſo called from the Reſemblance is bears 
to the Earth. 


the 
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the ſeveral % Werd which are obſerved 
in the Aurora Borealis x. 


1 have juſt mentioned thoſe two Solutions, 
becauſe they come from two very ingenious 
Philoſophers ; though I doubt not but the Rea- 
der will agree with me, that they are much 
too fine ſpun to hold, and that they are no 
other than the ingenious Reveries of Perſons 
determined to frame an Hypotheſis at any Rate. 
I queſtion not, but we may find Materials for 
the Aurora Borealis, without going ſo far for 
them, as theſe Gentlemen have done; and in 
particular that we have no Occaſion to have 
Recourſe either to the magnetic Euvia of the 
Earth, or the Zodiacal Light, the Nature of 
both which we are wholly unacquainted with. 
The Materials employed in the firſt Solution 
(I mean ſuch EHuvia as are continually ex- 
haled from the Surface and Bowels of the 
Earth) if rightly conſidered, will afford a very 
eaſy and natural one, as I ſhall endeavour to 
ſhew in the following Manner. 

FIRST, we are aſſured by Experiment, that 
there are ſome Steams (as inflammable ſulphu- 
reous ones) which are capable of ſo great a De- 
gree of Expanſion, that they will render them- 
{elves lighter than the Air they float in, though 


* See bis Account at large, referred to at the End of Note, 
Page 1 55. 
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it be as rare, as it can be made by Art; for 
they will riſe to the Top of the Receiver, when 
exhauſted *, that is, when as much Air, as is 
poſſible, is drawn out + : Such Steams there- 
fore or Exhalations, rifing out of the Earth 
from Mines, Volcano's, &c. muſt neceſſarily 
be buoyed up towards the Top of the Atmo- 
ſphere, at leaſt, till they come to a Region, 
where the Air is as rare and expanded, as it 
can be made by the Air Pump, here below. 
This Height, according to Dr. Halley's Com- 
putation &, (which he founded upon the Airs 
Elaſticity) is about forty or fifty Miles: But 
probably it is much greater; for the Air, 
which is higher than Vapours, and other He- 
terogeneous Matter, that is not elaſtic, riſe to, 
being much purer than any we can make Ex- 
periments upon, may be indued with a much 
greater Degree of Elaſticity, and ſo the At- 
moſphere may be conſiderably higher, than 
what he, upon that Principle, E it to 
be; 
SECONDLY, Theſe Efftuvia being raiſed to 
the Top of the Atmoſphere, or near it, and 
floating there, will neceſſarily be carried to- 
wards the polar Parts thereof, for the follow- 
ing Reaſons. 1. Becauſe the ſuperior Current 


* See Pbilaſoph. Tranſacb. No 347. and 360. 
It is im poſlible to extract all the Air 55 of a Veſſel, becauſe 
it is by the Spring of the Air remaining in the Veſſel, that the 


Valves of the Pump are opened at each Stroke. 
$ Philofoph. Tranſact. No 181. p 
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of the Air, to a great Diſtance from the Equa- 
tor, is that Way *®. 2. We know from Ex- 
periment, that whatever ſwims upon a Fluid 
which revolves upon an Axis, is thereby car- 
ried towards that Axis. This is exactly the 
Caſe of theſe Efluvia, for they ſwim near the 
Top of the Atmoſphere which continually re- 
volves about the Axis of the Earth; they muſt 
therefore neceſſarily be carried towards the 
polar Parts thereof. 

TnirpLy, Theſe Effuvia being collected 
together at, or near the Poles, and of an in- 
flammable Nature, may eafily be ſuppoſed to 

ferment, when they meet with other heteroge- 
neous ones proper to produce ſuch an Effect, 

and emit Streams of Fire; which Streams will 
naturally riſe up into ſuch Parts of the Atmo- 

{phere as are ſtill lighter than that wherein the 

Effuvia reſt, that is, directly upwards from 

the Center of the Earth. But, according to the 

Rules of Perſpective, thoſe Streams, though 

they really diverge, as Radlii from a Center, 

will appear to a Spectator on the Surface of tne 

Earth to converge towards a Point ; which 
Point will ſeem to be directly over his Head, if 

the Streams aſcend in right Lines from the Cen- 

ter of the Earth : But if they deviate all one 
Way from that Direction, the Point will be on 


* as explained in D.flertation V. 


/ ” that 
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that Side the Zenith towards which they in. 
cline *. 

To illuſtrate this; ſuppoſe ſeveral Strings 
hung down from the Cieling of a Room, and a 
Candle placed upon a Table below them, the 
Shadows of them all will converge towards the 
Point that is over the Candle. And, if they 
are made to incline, ſuppoſe all one Way, the 
Point of Convergency will remove from over 
the Candle, towards that Side of the Room to 
which the upper Ends of the Strings incline: 
Now if a Perſon had viewed them from the 
Place where the Candle was, and referred their 
Places to the Cieling, they would have ſeemed 
to him to have converged towards the Point, 
where the Shadows did. 

AND if the Streams ſpread themſelves as 
they ariſe, but not too much, they will never- 
theleſs appear tapering towards the upper Ends, 
like Cones or Pyramids ; juſt as the Sides of a 
long Walk ſeem to a Perſon that views them 


This may be made to appear in the following Manner: Let 
ADB (Fig. 38.) repreſent the Concave of the Heavens, AB the 
Horizon, C the Place of the Spectator, TV a luminous Subſtance 
ſending forth the parallel Streams EG, LM, NO, &c. Theſe 
Streams will all ſeem to converge towards the Point D, if that 
Point be taken ſuch, that the Line DC drawn from thence to the 
SpeQator's Eye, be parallel to the Streams. For Inſtance, the 
Stream EG will ſeem to riſe from e to g, LM from / to m, and 
FH from to h, and ſo of the reſt. And NO will appear wholly 
in D, the Place to which the reit ſeem to converge. And if the 
Streams are as large, or ſomewhat larger at the upper Ends, than 
at the lower, they will ſtill appear leſs there, thoſe Ends being 
farthelt from the Spectator's Eye. 


from 
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from one End of it, or from a diſtant Place, 
to approach each other at that which is fartheſt 
from him: e | 


Tuls being premiſed, we may now account 


for the ſeveral Phenomena of the Aurora Bo- 


real;s before laid down. As, 
1. ThE Blackneſs of the Sky, which gene- 


rally appears in the northern Parts of the Ho- 


rizon, like a dark Cloud, is occaſioned by the 
Brightneſs of the luminous Matter of the Au- 
rora juſt above it. That the Sky is clear here, 
is evident (as was obſerved before) becauſe the 
{malleſt Stars are ſeen through it. 

2. ThE lucid Arch immediately above, is the 
luminous Matter of the Aurora itſelf, which 
ſometimes exhibits the Appearance of a Curve, 
ſometimes of a ſtraight Line, according to its 


Form and Situation in the Atmoſphere, though 


generally that of a Curve: For, by the Rules 
of Perſpective, when a ſtraight Line is diſtended 
horizontally, and above the Spectator's Eye, 
it ought to appear bent into a Curve, whoſe 
Center is below the Horizon *. Sometimes 
it appears on one Side the North Point, more 


* Thus, when a Perſon ſtands fronting a Row of Houſes, and 
looks over the Tops of them, if they are all of an equal Height, 
that Houſe which 1s neareſt him, will ſeem to cut the Heavens in 
a Point that will be higher than where it is cut by any of the reſt; 
and the Points where the Heavens will ſeem to be cut by the Tops 
of thoſe, which are on the Right and Left Hand of the Spectator, 
will deſcend lower and lower, as the Houſes are farther off; fo 
that the Points, taken all together, will repreſent a Curve. 
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than on the other; ſometimes regular, ſome- 
times irregular, as the various Circumſtances 
of the Air's Motion at the Top of the Atmo- 
ſphere, and of the Situation of the flaming 
Matter, may be. | 
3. Tue Streams of Light, iſſuing out of the 
lucid Arch, are Streams of Fire emitted up- 
wards from the Matter of the 'Aurora, and 
ſeem, for the Reaſons already laid down, to 
converge towards the Zenith of the Spectator. 
Why they incline a little ſometimes from the 
Perpendicular, will be explained in the fifth 
Remark, where we account for the Situation 
of the Canopy. When no luminous Arch ap- 
pears, it is probable, that it is intercepted by 
the Horizon, or by the Vapours which float in 
great Quantities therein. Ek 

4. Th trembling obſerved in the upper Part 
of the Heavens, is owing to the Quickneſs 
wherewith the Flaſhes ſucceed one another, 
and alfo to the irregular Motions and Agitations 
of the ſuperior Parts of the Atmoſphere. 
5. So long as the luminous Matter of the 
Aurora is all of it towards the North of us, 
the Streams cannot ſeem to meet in a Point at 
the Top, as will appear to any one that conſi- 
ders the Figure referred to in the Note (p. 164); 
but after it has advanced forwards, or become 
kindled over our Heads, then they appear to 
meet, and orm the Canopy already deſcribed ; 
and when it has paſſed further ſtill, they ſeem 
- to 


1 
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to ariſe from all Parts; though they are much 
fainter on the ſouthern than on the northern 
Side, ſo long as the main Body of the Aurora 
remains on the northern Side of the Canopy, 
which it rarely, if ever, paſſes. The Reaſon 
why the Center of the Canopy is generally a 
few Degrees to the South of the Spectator's 
Zenith * is, becauſe the luminous Streams, 
which iſſue forth from the extreme Parts of the 
Subſtance of the Aurora, will naturally diverge 
a little from the middle ones; and, as thoſe 
which appear to us, proceed chiefly from the 
ſouthern Side (that being neareſt to us) the 
| Point of Convergency will neceſſarily be placed 
to the South of our Zenith, according to what 
was ſaid above about the Inclination of the 
Strings hanging from the Cieling of a Room. 
If the Center of the Canopy is ſometimes to 
the Eaſtward, and ſometimes to the Weſtward 
of the Meridian, that depends upon the Mo- 
tion of that Part of the Air, which is above 
the Subſtance of the Aurora, and through 
which the Streams paſs, as they riſe. This 
alſo it is that makes the Streams ſeem to ariſe 
ſometimes a little obliquely. _ 
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According to this Theory, the Center of the Canopy will 
always be near the Spectator's Zenith, wherever he is; which 
I believe is the Caſe, for I have met with no Account where 

it is otherwiſe; and ſo every Spectator ſees a different Canopy, 
Juſt as, when ſeveral Perſons are viewing a Rainbow, no two 

"done ſee the ſame Rainbow at the ſame Time. See Part III. 

p. 208, | | 
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6. Tas great Height of the Aurora is o w- . 
ing to the exceeding Lightneſs of the Efiuvia, 
which compoſe the Subſtance of it (as ex- 
plained above) and the darting of the Streams 
upwards, into Regions perhaps quite aboye 
the Atmoſphere, occaſions it to exhibit at very 
diſtant Places the ſame . Appearances at the 
ſame Time. 
7. Tnar the Aurora appears near the Pole, 
and never at or near the Equator, is becauſe 
of the Tendency the Matter of it has towards 
the Poles, as explained above. And that it 
appears in Places more diſtant from the Pal, 
than it formerly did, is becauſe the Effuvia, 
which are now raiſed from the Earth, are 
prevented from approaching ſo near the polar 
Parts of the Atmoſphere, as they uſed to do; 
thoſe Parts being already ſtocked with others, 
which were formerly raiſed, and are now 
grown effete by frequent Fermentations and 
Exploſions. 
8. Tur horizontal Trains of Light are the 
Subſtance of the Aurora juſt raking Fire, 
which runs from one Part to another, as in 4 
Train of Gun- powder kindled in any one 
Part; and ſends up Streams perpendicularly 
from Places, where it meets with a greater 
Quantity of Matter than ordinary. 
9. Wurd the Matter of the Aurora is fo far 
{pent, as to emit no more Streams, it appears 
only as a 13 ſteady Light in the North, 
| which 
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which gradually dies away, for Want of freſh 
Fewel to ſupport it. 

10. As the Vapours, of which Clouds are 
formed, never riſe ſo high, as where the Mat- 
ter of the Aurora Borealis floats; it is not at 
all inconfiſtent with the foregoing Theory, if 
it is ſometimes intercepted from our Sight, by 
the Interpoſition of Clouds below. 


Sex farther on this Subject, Ariſtotel. Meteor. 
Lib. I. Cap. 4, 5. Plini Hiſtor. Natural. 
Cap. 26, 27. Senec. Quæſt. Natural. Lib. I. 
Lycoft. Prodigiorum ac Oſtentorum Chronicon, 
paſſim. Julius Obſequens de Prodigiis, Cap. 
13, 43, 88. Gaſſendi Animadverſ. in Dzog. 
Laert, Lib. X. p. 1157. Cornelius Gemma 
de divinis Naturæ CharaQteriſmis. NMecephori 
Hiſtor, Eccleſiaſt. Lib. XII. Cap. 37. id. 
Hiſpal. Hiſtor. Goth. Tom. I. p. 65. Bibli- 
othec. Orientalis Clementino-Vaticana, Tom. I. 
p. 407. Gregor. Tur. paſſim. Mem. de Lit. 
de V'Acad. des Inſcriptions & Belles Lettres, 
Tom. IV. p. 431. Miſcellan. Berolin. Tom. I. 
p. 137. Theatr. Comet. Staniſ. Lubienietx, 
p. 264, 348. Mem. pour ſervir a I Hiſtor, de 
France, Tom. I. p. 168. Mem. de P Acad. 
Royal de Sciences, for almoſt each Vear ſince 
1716. Philoſoph. Tranſ. Ne 305, 310, 320, 


347, 348, 349, 351, 352, 363, 305, 368, 


370, 335, 395, 398, 399, 402, 410, 419, 
431; and the Authors referred to by Mr. John- 


ſon, in his Queſt, Philoſoph. Cap. IV. F. 3. 
D188 E R.· 
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DISSERTATION vin. 
Of Fermentation. 


AVIN G had Occaſion to mention ſome 
of the Effects of Fermentation, it may 
not be amiſs, before I put an End to theſe Diſ- 
ſertations, to add a ſhort Account of the Na- 
ture of it, and to ſhew how thoſe Effects are 
produced by it. 

FERMENTATION is a nana Commotion of 
the conſtituent Particles of Bodies, one among 
another; and ariſes from an Inequality in their 
Attractions of Coheſion. Authors diſtinguiſh 
it into two Kinds; the one is that which hap- 
pens when a Solid is diffolved by a Fluid ; the 
other is, when two Fluids, bien mixed og 
ther, ferment with each other. 

Trosz Authors, who have treated of the 
firſt of theſe, tell us, That to cauſe a Fermen- 
tation between a Solid and a Fluid, ſeveral 
Circumſtances are neceſſary. Particularly Dr. 
Freind *, and Keil , are of Opinion, 
I. THrarT the Particles of the Solid muſt at- 
tract thoſe of the Fluid with a greater Force, 
than the Particles of the Fluid attract one 
another. 


* See his Chemical Lectures. | 
+ See his Letter Te) Dr. Cockburn, De Lezibus Attra®'anis. 


2. THAT 
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2. THAT the Pores of the Solid muſt not be 
too ſmall to admit the Particles of the Fluid 
wy them. 

TA the Body be of ſo looſe a Contex- 
ture, that the Force of Impact, with which 
the Particles of the Fluid ruſh into its Pores, 
may be ſufficient to diſunite its Parts. 

4. Tur the Elaſticity of the Particles tends | 
very much to promote, and N the 
Fermentation. 

. 1 makes alſo four Conditions 
requiſite *. 

1. THAT there be a due Proportion between 
the Size of the Particles of the Fluid, and the 

Pores of the Body to be diſſolved. 

2. THarT the Figure of the Particles of the 
Fluid have a determinate Relation to that of 
the Pores of the Solid. | 

Tur the Particles of the Fluid be ſuffi- 
ciently ſolid, that their Moment, or F orce of 
Action may not be too weak. 

4. TE laſt Qualification he mentions, is 
a fit Diſpoſition of the Particles of the _ | 
when received into the Pores of the Solid, 
make ſome Stay there, and not. ee 
to paſs through; but to act every Way upon 


the Solid, as they move towards the external 
Surface thereof. 


25 Dr. Boerhaave's Chemiſtry, by Shaw, p. 1 
N Bur 
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Bor we have no Occaſion to have Recourſe 
to ſo many Suppoſitions : If the Particles of the 
Solid attract thoſe of the Fluid with a greater 
Degree of Force than either thoſe of the Fluid, 
or thoſe of the Solid attract one another *, it 
is ſufficient; and there will follow a Diſſolution 
of the Body, as may clearly be demonſtrated 
from the Laws of Mechanics, whatever the 
other Circumſtances, relating to the Figure or 


Magnitude of Pores, &c. may be . 


* This may be thought an impoſſible Suppoſition, for the 
Force of Attraction of Coheſion being as the Surfaces of the 
attracting Particles, whatever Size or Form the Particles of the 
Solid — Fluid are of, there cannot be a greater Quantity of 
Surface between every two Particles, one of which is a Particle 
of the Solid, and the other a Particle of the Fluid, than there 
is between every two Particles, which are either both of the 
Solid, or both of the Fluid; and therefore the Particles of the 
Solid cannot attract thoſe of the Fluid with greater Force than 
either thoſe of the Solid or thoſe of the Fluid attract one another. 
But ĩt is to be conſidered, that we are not ſo well acquainted with 
the Nature of the Attraction of Coheſion, as to determine exa&ly 
in what Manner, and by what Laws it acts. The Experiments 
made Uſe of for this Purpoſe, only ſhew that ſo long as we try 
them with the ſame Kind of Bodies, the Attraction is larger 
where the Contact is ſo. See Part I. Chap. III. But we have 
no Method of determining, whether the Difference of Attrac- 
tion, which various Bodies exert upon one another, ariſes ſolely 
from a Difference in their Surfaces, or not. 

+ Dem, Thus, let / /, % &c. (Fig. 39.) repreſent a Series of 
the Particles of a Fluid, and 3, 5, s, Ce. a Series of thoſe of a 
ſolid Body, contiguous to one another: And let the pricked 
Lines , FF, &c. repreſent the Forces of Attraction between 
the Fluid Particles one among another, and 3s, , Oc. 
thoſe of the ſolid ones among themſelves ; and let the black 
Lines , sf, &c. expreſs thoſe which are between the fluid 
and ſolid Particles. Now, the latter Forces being by the Sup- 


polition ſtronger than the former, the fluid Particles will _— 
2 | | from 


( 


Diſſ. VIII. O/ Fermentation. 173 
Wren a Solid is put into a Fluid, if their 
Particles have the above-mentioned Relation 
to each other, thoſe of the Solid being at- 
tracted with greater Force towards the Fluid, 
than they are the contrary Way, they will fall 
off from the Solid, and enter in between the 
Particles of the Fluid; and for the like Reaſon, 
thoſe of the Fluid will open to themſelves a 
Way in between thoſe of the Solid, and will 
ſeparate them from each other. Neither will 
their reſpective Motions ceaſe, unleſs their 


from each other, and ſuffer thoſe of the Solid to enter in be- 
tween them; and for the ſame Reaſon the ſolid Particles will 
give Way to thoſe of the Fluid. By which means, the Diſtances 
repreſented by the pricked Lines becoming greater, the Attrac- 
tions, which they expreſs, will be diminiſhed; ſo that the fluid 
Particles will enter quite in between the ſolid ones, and the ſolid 
ones between the fluid ones; and both of them together will 
conſtitute ſuch a Series, as is repreſented in Figure 40, in the 
middle Row 5, /, 5, f, Cc. where the ſolid and fluid Particles 
lie mixed interchangeably one with another in a right Line. 
Now let it be ſuppoſed, that this Series is contiguous to one 
which conſiſts wholly of Fluid above it, as is expreſſed in the 
Figure, and to another below, conſiſting of ſolid Particles only, 
Every ſolid Particle in this Series will be attracted upwards with 
greater Force, than it is downwards; and every fluid one with 
greater Force downwards than it is upwards, as appears by bare 
Inſpection of the Figure, where the black Lines, as in the 
former, expreſs the ſtronger Attractions, and the pricked ones 
the weaker. And, if we ſuppoſe the Number of Particles in 
the Solid and in the Fluid to be nearly equal, thoſe of the Fluid 
will not ſtop, till they have quite paſſed through the Solid; for 
they will always find a Series wholly conſiſting of ſolid Par- 
ticles before them, whilſt that which they leave behind, will 
be a Mixture of both. In like Manner, the ſolid ones will paſs 
quite through the fluid ones; for they wiil always meet with 
more fluid ones before them, than they leave behind within the 
Sphere of their own Attraction. ; | | 
| Quan- 


174 Of Fermentation. Part Ii 
Quantities be very unequal, till they are dif- 
fuled uniformly one among another, as we 
may very eafily conceive ; for till then there 
will always be ſome Particles attracted with a 
greater Degree of Force one Yay than they 
are another. 

AnD if more of the Solid be added to thi 


Fluid, the Particles of the Fluid will alſo en. 


ter into that Solid, till each is ſurrounded on 


all Sides with ſolid Particles, as far as its at. 


tractive Force reaches. After which the Fluid 
will (as they ſay) be ſaturated, and will diffolve 
no more. 

AGAIN, if more of the Fluid be poured upon 
that Solid, the ſolid Particles will diffuſe them- 
ſelves farther into the Fluid, till each of them 
is encompaſſed with Particles of the Fluid, as 
far as its attractive Force extends; and then 
they will ſpread themſelves no farther. 

Bur in either Caſe, if another Solid, or 
Fluid, the attractive Force of whoſe Particles 
differ from thoſe of the former, be added, a 
freſh Fermentation will begin, provided the 
attractive Forces between the Particles of the 
former Mixture, and of thoſe which are now 


added, have ſuch a Relation to each other, as 


is neceſſary to produce it. 

Do this Principle it ſhould ſeem, that a 

Fluid ſhould always be capable of diſſolving 

more than an equal Quantity of a Solid ; and 

that a Solid ſhould be capable of entering 6 
I an 


_ 
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| Diff. VIII. Of Fermentation. 175 
and diffuſing itſelf through more than an 
equal Quantity of Fluid. The Reafon why 
it is frequently not ſo is, becauſe it commonly Ri 
happens, that the Fluid and the Solid are not bt 
of equal ſpecific Gravities. When the Solid 


is heavieſt, ſo many of its Particles will not i 
# aſcend and enter into the Fluid, as would 1 
otherwiſe have done; and on the contrary, 
when the Fluid is heavieſt, the Weight of | 6: 
its Particles will be an Impediment to their Wl 
ting into, and diſſolving ſo much of the 1 
8 Solid as it otherwiſe might have done. I 
Wx have no Occaſion to diſtinguiſh Fermen- = . 


tation into two Kinds, with Regard to its Cauſes; 
for, according to the foregoing Theory, when- 
ever two Fluids, or a Solid and a Fluid, are put 
| together, if the Particles of the one attract thoſe 
of the other, with greater Force than either 
thoſe of the one, or thoſe of the other attract 
chemſelves, a Fermentation will equally enſue, 
che Cauſe being the ſame in both Caſes. 
* Whurrn two Fluids, or a Solid and a Fluid, 
| ferment with each other, if the Agitation and 
8 2neſtine Motion of their Particles be very 
great, or continues a long Time, and if the 
Subſtance of them be of the inflammable Kind, 
they will, by continually rubbing one againſt 
another, be ſufficiently heated to take Fire, 
and burſt out into Flame; as was ſaid of the 
ſeveral Compoſitions mentioned in the forego- 
ing Diſſertations. BD 


SEE 
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' Of the Nature and Propagation of Light. 


N treating of the Nature of Fluids, I have 
explained ſuch Phenomena as reſult from 
ſmall Particles of Matter collected toge- 
ther, and ated upon according to the Laws 
of Mechaniſm; the Order of my Deſign now 
brings me to ſhew how according to the ſame 


Laws ſuch Phenomena, as reſult from the 
Emiſſion of infinitely ſmall Particles from lu- 
minous Bodies, are produced; which Phæno- 


menu, being the Means, whereby the Images 
of external Objects are repreſented to our 
Minds, by the Intervention of our Organs of 
| A 2 | Sight, 


4 Of the Mature and Part Ill, 


Sight, are for that Reaſon called Optical, and 
the Doctrine, by which they are explained, the 


Science of Optics x. 

Every viſible Body emits or reflects incon- 
ceivably ſmall Particles of Matter from each 
Point of its Surface, which iſſue from it con- 
tinually, (not unlike Sparks from a Coal) in 
{trait Lines and in all Directions. I heſe Par- 
ticles entering the Eye, and ſtriking upon the 
Retina (a Nerve expanded on the back Part of 
the Eye to receive their Impulſes) excite in our 
Minds the Idea of Light. And as they differ 
in Subſtance, Denſity, Velocity, or Magni- 
tude +, they produce in us the Ideas of differ- 
ent Colours; as will be explained in its proper 
Place. | — | 

That 


* Optics is generally divided into two Parts, wiz. Dioptrics, 
under which is comprehended every Thing that relates to the 
| Appearances of Bodies ſeen through tranſparent Subſtances, and 
Catoptrics, or what relates to the ſeeing of Bodies by reflected 
Light. To theſe we may add a third, which properly comes un- 
der neither of the former Diſtinctions, and that is, the Doctrine 
of Colours, which explains every Thing that relates to the Cauſes 
of the Diverſity of Colours obſervable in natural Bodies. | 


+ It is more probable, that they differ either in Magnitude, 
or Denſity, than in Velocity or Subſtance. For, if the Differ- 
ence of Colours ariſe from the different Velocity of the Rays of 
Light, then the Colours of Objects would appear changed to an 
Eye placed under Water, or within any Medium differing from the 
Air in Denſity : For when a Ray of Light paſſes out of a Medi- 
um into another of different Denſity, it undergoes an Alteration 
in its Velocity, as will be explained hereafter. And to ſuppoſe 
them to differ in Subſtance, is contrary to that Uniformity of 
Things, which is obſervable in the Univerſe ; as well as repug- 

| | TO nant 


Chap. 1. Propagation of Light. C 
That the Particles, which conſtitute Light, 
are exceedingly ſmall; appears from hence, 
viz. that if a Hole be made through a Piece 
of Paper with a Needle, Rays of Light from 
every Object on the farther Side of it, are ca- 
pable of paſſing through it at once without the 
leaſt Confuſion ; for any one of thoſe Objects 
may as clearly be ſeen through it as if no Rays 
paſſed through it from any of the reſt. Fur- 
ther, if a Candle 1s lighted, and there be no 
Obſtacle in the Way to obſtruct the Progreſs of 
its Rays, it will fill all the Space within two 
Miles of it every Way with luminous Particles, 
before it has loſt the leaſt ſenſible Part of its 
Subſtance thereby. 
That theſe Particles proceed from every 
Point of the Surface of a viſible Body, and in 
all Directions, is clear from hence, viz. be- 


nant to that Homogeneity in the primogeneal Parts of Matter, 
which from the Experiments hitherto made, is thought to exiſt 
every where. Whereas, if we ſuppoſe them to differ either in 
Magnitude or Denſity, nothing is more eaſy than to ſee how thoſe 
of the ſame Kind ſhould, however refracted, produce the ſame 
Colours ; and alſo how thoſe which produce different Colours, 
ſhould ſuffer different Degrees of Refraction in paſſing through 
the ſame Medium. As to the firſt, it is ſelf-evident, becauſe 
Refraction cannot alter their Magnitudes or Denſities ; as to the 
ſecond, it is probable, that the more intenſe and ſtronger Co- 
lours, the Rays of which ſuffer the leaſt Refraction, are produ- 
ced by the larger, or more denſe Particles of Light: For, that 
ſuch Particles ſhould be leſs refracted than others, is quite con- 
ſonant to the Laws of Attraction of Coheſion, which, as it acts 
in Proportion to the Surfaces of Bodies only, mult neceflarily | 
affect the larger, or the more denſe Particles, leſs than it does 
the reſt; becauſe ſuch have larger Momen!a or Forces in Pro- 
portion to their Surfaces, than others have. 


A 3 . cauſe 


6 Of the Nature and Part III. 


cauſe where-ever a Spectator is placed with re. 
gard to the Body, every Point of that Part of 
the Surface which is turned towards him, is vi. 
fible to him. That they proceed from the Body 
in right Lines, we are aſſured, becauſe juſt 6 
many and no more will be intercepted in their 
. Paſſage to any Place, by an interpoſed Object, 
as that Object ought to intercept, ſuppoſing 
them to come in ſuch Lines. 

The Velocity, with which they proceed 
from the Surface of the viſible Body is no le(s 
ſurprizing, than their Minuteneſs : The Method 
+ whereby Philoſophers eſtimate their Swiftneſs, 
is by Obſervations made on the Eclipſes of Ju- 
piter's Satellites, which Eclipſes to us appear 
about ſeven Minutes ſooner than they ought to 
do by Calculation, when the Earth 1s placed 
between the Sun and him; that is, when we 
are neareſt him, and as much later, when the 
Sun is between him and us, at which Time we 
are fartheſt from him; from whence it is con- 
cluded, that they require about ſeven Minutes 


do paſs over a Space equal to the Diſtance be- 


tween the Sun and us, which is about Eighty- 
one Millions of Miles“. N 
A 


 * This affords us another Proof of the ſurprizing Fineneſs of 
the Particles of Light; for the above. mentioned Velocity of the 
Rays is conſiderably more than a Million of Times greater than 
that of a Cannon Ball. Were they not therefore inconceivably 
{mall, the Eye would be rather wounded than . 
uk 1 them; 


Chap. I. Propagation of Light. 7 
A Stream of theſe Particles iſſuing from the 
Surface of a viſible Body in one and the ſame 
Direction, is called a Ray of Light. 5 
As Rays proceed from a viſible Body in all 
Directions, they neceſſarily become thinner 
and thinner, continually ſpreading themſelves, 
as they paſs along, into a larger Space, and that 
in Proportion to the Squares of their Diſtances 
from the Body *; that is, at the Diſtance of 
two Spaces, they are four Times thinner, than. 
they are at one; at the Diſtance of three Spaces, 
nine Times thinner, and ſo on: The Reaſon of 
which is, becauſe they ſpread themſelves in a 
twofold Manner, v2. upwards and downwards, 
as well as ſide-ways. 


them; and the tender Flowers of Plants would be ſo far from 
being cheriſhed by them, that they would be torn in Pieces, 
and not able to ſtand before them. 7 


* This Propoſition is demonſtrated mathematically thus ; let 
us conceive two concentric Surfaces ABD, and EFG (Fig. 1.) 
and in theſe, two fimilar Portions ELFI, and AHBE ; let the 
Rays CE and CF,. with the reſt proceeding from the Center C, 
fall upon the Portion ELFI and cover it; it is evident from In- 
ſpection of the Figure, that the fame Rays at the Diſtance CH 
will cover the Portion AHBK only ; now theſe Rays being the 
ſame in Number at each Place, will be thinner in the former, 
than they are in the latter, in Proportion as that is larger than 
this; but theſe Spaces being ſimilar Portions of the Surfaces of 
Spheres, bear the ſame Proportion to each other, that the Sur- 
faces themſelves do, that is, they are to each other as the 
Squares of their Radii CL, CH; the Rays therefore are more 
diffuſed, or thinner in Proportion to the Squares of the ſame 


| Radii, or of their Diſtances from the luminous Point C. 
2 E. D. | | | | 


A 7 The 


8 Of the Mature, &c. Part III. 
The Particles of Light are ſubject to the 
Laus of Attraction of Coheſion like other ſmall 
Bodies, for if a Ray of Light be made to paſs 
by the Edge of a Knife, it will be diverted from 
its natural Courſe, and be infleted towards the 
Edge of the Knife. The like Inflection hap- 
pens to a Ray when it enters obliquely into a 
denſer or rarer Subſtance than that in which it 
was before, in which Caſe it is ſaid to be re- 


 frafted; the Laws of which Refraction are the 
Subject of the following Chapter“. 


- * The Carigſan Notion of Light, was not, that it is propa- 
ated from luminous Bodies by the Emiſſion of ſmall Particles, 
ut that it was communicated to the Organ of Sight by their 


Preſſure upon the Materia Subtilis, with which they Fo 


uppoſed the 
Univerſe to be full. But according to this Hypotheſis, it could 


never be dark; becauſe when a Fluid ſuſtains any Preſſure, if 
that Fluid fills all the Space it takes up, abſolutely, without leav- 
ing any Pores, which is the Caſe of the ſuppoſed Materia Sub- 
tilis; then that Preſſure muſt neceſſarily be communicated equally 
and inflantaneouſly to every Part: And therefore, whether the 
Sun were above or below the Horizon, the Preſſure communi- 
cated, and conſequently the Light, would be the ſame. And 
farther, as the Preſſure would be inſtantaneous, ſo would the 
Light, which is contrary to what is collected, as we ob 


ſerved 
above, from the Eclipſes of Jupiter's Satellites. | 


CHAD 


Chap. 2. T-Cayſeof Refrain, Sc. g 


CH A „ 16 75 
Of the Cauſe of Refraction, and the 
Law by which it is performed. 


Hatever Subſtance a Ray of Light 
paſſes through, or if it paſs through a 


Space void of all Subſtance, it is ſaid by Phi- 


loſophers to paſs through a Medium; and there- 


fore if it paſſes out of any Subſtance, as Air or 


Glaſs, into a Vacuum, or the contrary, it is ſaid 
to paſs out of one Medium into another. 


All Bodies being endued with an attractive 


Force, which is extended to ſome Diſtance 
beyond their Surfaces; when a Ray of Light 
paſſes out of a rarer into a denſer Medium (if 
this latter has a greater attractive Force than 
the former, as is commonly the Caſe *, and 
what we ſhall hereafter always ſuppoſe, unleſs 


it be mentioned to the contrary) the Ray juſt 


before its Entrance, will begin to be attracted 
towards the denſer Medium, and this Attrac- 
tion will continue to act upon it, till ſome 
Time after it has entered the Medium, as we 
ſhall ſhew by and by; and therefore if a Ray 


approaches a denſer Medium in a Direction 


perpendicular to its Surface, its Velocity will 


* In oily and inflammable Bodies it happens otherwife ; for 


they are obſerved to attract more ſtrongly than others of greater 


Denſity, 


be 
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10 De Cauſe of Refraction, &c. Part III. 
be continually accelerated during its Paſſage 
through the Space in which that Attraction ex- 
erts itſelf; and therefore, after it has paſſed 
that Space, it will move on, till it arrives at the 
oppoſite Side of the Medium, with a greater 
Degree of Velocity than it had before it en- 
tered. So that in this Caſe its Velocity only will 
be altered. Whereas, if a Ray enters a denſer 
Medium obliquely, it will not only have its Ve- 
locity augmented thereby, but its Direction 
will become leſs oblique to the Surface. Juſt 
as when a Stone is thrown downwards obliquely 
from a Precipice, it falls to the Surface of the 
Ground in a Direction nearer to a perpendicular 
one, than that with which it was thrown from 
the Hand. From hence we ſee a Ray of Light 
in paſſing out of a rarer into a denſer Medium, 
is refracted towards the Perpendicular ; that is, 
_ ſuppoſing a Line drawn perpendicularly to the 
Surface of the Medium, through the Point where 
the Ray enters, and extended both Ways, the 
Ray in paſſing through the Surface is refracted 
or bent towards the perpendicular Line; or, 
which 1s the ſame Thing, the Line which it 
deſcribes by its Motion after it has paſſed thro' 
the Surface, makes a leſs Angle with the Per- 
pendicular, than the Line it deſcribed before. 


All which gay be ö in che following 
Manner. 


Let 


a 
Chap. 2. Te Cauſe of Refraction, &c. 11 
Let us ſuppoſe firſt, that the Ray paſles 
out of a Vacuum into the denſer Medium AB 
CD, (Fg. 2.) and that the attractive Force of 
each Particle in the Medium is extended from 
its reſpective Center to a Diſtance equal to that 
which is between the Lines AB and EF, or AB 
and GH; and let KL be the Path deſcribed by 
a Ray of Light in its Progreſs towards the den- 
ſer Medium. This Ray when it arrives at L will 
enter the attractive Forces of thoſe Particles 
which lie in AB the Surface of the denſer Me- 
dium, and will therefore ceaſe to proceed any 
longer in the right Line KLM, but will be di- 
verted from its Courſe by being attracted to- 
wards the Line AB, and will begin to deſcribe 
the Curve LN, paſſing through the Surface AB 
in ſome new Direction as OQ, thereby making 
a leſs Angle with a Line as PR drawn perpen- 
dicularly through the Point N, than it would 
have done, had it proceeded in its firſt Direction 

KLM. e 3 
Farther, whereas we have ſuppoſed the 
attractive Force of each Particle to be ex- 
tended through a Space equal to the Diſtance 
between AB and E F, it is evident, the Ray 
after it has entered the Surface, will ſtill be 
attracted downwards, till it has arrived at 
the Line EF; for till that Time, there will 
not be ſo many Particles above it which will 
attract it upwards, as below, that will at- 
tract it downwards. So that after it has en- 
8 tered 


{ 


1 1 . 
12 TheCauſe of Refraction, &c. Part III. 
tered the Surface at N, in the Direction OO, 
it will not proceed in that Direction. but will 
continue to deſcribe a Curve, as NS, after 


which it will proceed ſtrait on towards the 
oppoſite Side of the Medium, being attracted 


cqually every Way; and therefore will at laſt 


proceed in the Direction XS T ſtill nearer the 
Perpendicular PR than before. 


Now if we ſuppoſe the Space ABYZ not to 


be a Vacuum, but a rarer Medium than the 


other, the Caſe will ſtill be the ſame ; but the 
Ray will not be ſo much refracted from its rec- 
tilineal Courſe, becauſe the Attraction of the 
Particles of the upper Medium being in a con- 
trary Direction to that of the Attraction of 
thoſe in the lower one, the Attraction of the 
denſer Medium will in ſome Meaſure be de- 
ſtroyed by that of the rarer. 


On the contrary, when a Ray paſſes out 


of a denſer into a rarer Medium, if its Direc- 


tion be perpendicular to the Surface of the 
Medium, it will only loſe ſomewhat of its 
Velocity, in paſſing through the Spaces of At- 
traction of that Medium (that is, the Space 
wherein it is attracted more one Way than it 
is another.) If its Direction be oblique, it 
will continually recede from the Perpendicu- 
lar during its Paſſage, and by that Means have 
its Obliquity encreaſed, juſt as a Stone thrown 
up obliquely from the Surface of the Earth 


Increaſes its Obliquity all the Time it riſes. 


Thus, ſuppoſing the Ray TS paſſing out of the 
| —_— 
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denſer Medium ABCD into the rarer ABYZ, 
when it arrives at 8 it will begin to be attracted 
downwards, and ſo will deſcribe the Curve 
SNL, and then proceed in the right Line LK, 
making a larger Angle with the Perpendicular 
PR, than the Line TSX in which it proceeded 
during its Paſſage through the other Medium. 
The Space through which the Attraction of 
Coheſion of the Particles of Matter is extended 
is ſo very ſmall, that in conſidering the Progreſs 
of a Ray of Light out of one Medium into an- 
other, the Curvature it deſcribes in paſſing 
through the Space of Attraction is generally 
neglected; and its Path is ſuppoſed to be bent, 
or in the uſual Terms, the Ray is ſuppoſed to 
| be refracted only in the Point where it enters 
| the denſer Medium. 
| Now the Line, which a Ray deſcribes be- 
fore it enters a denſer or a rarer Medium 1s 
called the Incident Ray; that which it de- 
ſcribes after it has entered, is the RefraFed 
Ray. 
The Angle comprehended between the In- 
cident Ray and the Perpendicular, is the An- 
gle of Incidence; and that between the refracted 
Ray and the Perpendicular, is the Angle of Re- 
fraction. SS 
There is a certain and immutable Law or 
| Rule, by which Refraction is always perform- 
ed; and that is this: Whatever Inclination a 
Ray of Light has to the Surface of any Medi- 
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um before it enters it, the Degree of Refraction 
will always be ſuch, that the Proportion be- 
tween the Sine of the Angle of its Incidence, 
and that of the Angle of its Refraction, will al- 
ways be the ſame in that Medium *. | 
ts 1 24 To 


* Lemma. If from a Point as M (Fig. 4.) taken any where 
without the Circle PNQ, a Line as MP be drawn paſſing through 
L the Center of the Circle, and terminated in the Circumference 
at P, the Product of MQ multiplied by MP is equal to the Dif. 
ference between the Squares of ML and PL. 3 

Demonſtration of the Lemma. Call MQ, a; and the Radius of 
= Cirele LQ or LP, 5; then will the Diameter Q be expreſ. 

ble by 20, and the whole Line MP, by a+26; then multiply. 
ing M by MP, that is, @ by a+26, we have for the Product 
of this, aa 2b. Now the Square of the Line ML, which is 
expreſſible by a+5, is aa--2ab+bb, and the Square of PL is 
563 but the Difference. between theſe Squares, ig. aa+2ab 
+86 and bb is evidently aa+2ad; and therefore the Product of 

MQ multiplied by MP is equal to the Difference between the 
Squares of ML and PL. 2, E. D. 33 
| Demonſtration of the Propoſition. When a Ray of Light paſſes 
through the Space of Attraction of any Medium, it is evident 
that its Motion will be ſubje& to the like Laws with that of 
Prajectiles, provided we ſuppoſe it to be acted upon with an 
equal Degree of Force during its whole Paſſage through that 
Space, as is commonly ſuppoſed to be the Caſe in Projedzles to 
whatever Height they are thrown from the Earth, We will 
therefore put a Caſe as nearly parallel as may be to that which 
was demonſtrated of Projectiles in the ſeventh Chapter of the 
firſt Part; and ſuppoſe firſt, that the Force of Attraction of the 
denſer Medium is at all Diſtances the ſame as far as it reaches, 
and that the Ray proceeds out of a denſer into a rarer Medium; 
in which Caſe it will be attracted back towards the denſer Me. 
dium, during its Paſſage through the Space of Attraction, in 
like Manner as a Prejectile thrown upwards is while it riſes from 
the Earth. Let then ABCD (Fig. 4.) repreſent the denſer Me- 
dium, and ABEF the Space of Attraction; and let GH be a 
Ray about to enter the Force of Attraction at H, and let GH 

be produced to M. Now it is evident, that in this Suppoſition, 
the Ray when at H, is in the ſame Circumſtances with a ao 
| e by 


\ 
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To illuſtrate this, Let us ſuppoſe A BCD 
(Fig. 3.) to repreſent a rarer, and ABEP a 
denſer Medium; let GH be a Ray of Light 


paſſing 


jectile about to be thrown upwards from H towards M, it will 


therefore deſcribe a Portion of a Parabola as HI ; to which the 
Line HM will be a Tangent at H; and the Line IK, in which 
it would proceed after it has paſſed the Space of Attraction, a 
Tangent to it at I; for after having left the attractive Force at 
& it goes ſtrait on in its laſt Direction. Let the Perpendicu- 

ar IR be drawn meeting G H produced in M, and let KI be 
produced to L. On the Center L with the Radius LI, de- 


{cribe the Circle PNQ, let fall the Perpendicular LO upon MR, 


and join the Points L and N. Now it is demonſtrated in the 
Caſe of Projectiles, that the Parameter of the Point H is equal 


— and therefore the Parameter multiplied by MI is 


o II 


equal to HM. And it i there farther demonſtrated, that the 


| faid Parameter is equal to four times the Height which a Body 
| muſt fall from, to acquire the Velocity the Projectile has at 


H; this Parameter therefore is a Quantity not at all depending 


on the Direction of the Projectile, but on its Velocity only; 


and conſequently in the preſent Suppoſition it is a given Quan- 
GH being ſuppoſed to have the ſame Velocity, 


tity, the Ray 
whatever is its Inclination to the Surface AB. Now the Tan- 
gent KI being produced to L, will by the Property of the Pa- 
rabola, biſect the other Tangent HM, wherefore the Line LO 
being parallel to HR, MR will-alſo be biſected in O; and add- 
ing the equal Lines OT and ON to each Part, MN will be equal 
to IR ; but the Line IR is alſo a Line independent of the Incli- 
nation of the Ray GH, its Length being determined by the 
Breadth of the Space of Attraction ABEF only, and therefore 


MN is a given Quantity. Now, whereas MI, when multi- 


plied by the Parameter of the Point H, which before was ſhewn 
to be a given Line, is equal to the Square of HM, therefore the 
lame Line MI when multiplied by any other given Line (wiz. 
MN) if it is not equal to, will nevertheleſs bear a given Pro- 


We to the Square of HM: But ſince MI multiplied by MN 
ears 2 he Proportion (viz. a Proportion that does not depend 
on the Inclination of the Ray GH) to the Square of MH, its 


equal, wiz. the Product of MQ multiplied by MP (37 EI. z.) 


er what is equal to this, the Difference between the Squares of 
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paſſing through the firſt and entering the ſecond 
at H, and let HI be the refracted Ray; then 
ſuppoſing the Perpendicular PR drawn through 
the Point H, on the Center H, and with any 


ML and PL (by the foregoing Lemma), or, which is the ſame 
Thing, of ML and LI, (becauſe PL and LI are Radii of the 
| fame Circle) does ſo too. Now the Square of ML bears alſo a 
given Proportion to the Square of MH (ML being equal to half 
MH) conſequently there is a given Proportion between the 
Square of ML and the Difference of the Squares of ML and L]; 
and therefore there is a certain Proportion between the Lines 
themſelves, viz. between ML and LI. But in every Triangle 
the Sides are proportionable to the Sines of their oppoſite Angles, 
therefore in the I riangle MLI, the Sine of the Angle LMI has a 
given Proportion to the Sine of the Angle LIM, or of its Com- 
plement to two right ones MIK (for they have the ſame Sine:) 
But EMI being an Angle made by the incident Ray GH pro- 
duced, with the Perpendicular RM, 1s the Angle of Incidence, 
and MIK being made by the refracted Ray IK, and the ſame 
Perpendicular, is the Angle of Refraction, therefore in this Caſe 
there is a conſtant Ratio 3 the Sine of the Angle of Inci. 
dence, and that of the Angle of Refraction. | | 
We have here ſuppoſed that the Force of Attraction is every 
where uniform, but if it be otherwiſe, provided it be the ſame 
every where at the ſame Diſtances from the Surface AB, the 
Proportion between the forementioned Sines will ſtill be a given 
one, For, let us imagine the Space of Attraction divided into 
parallel Planes, and the Attraction to be the ſame through the 
whole Breadth of each Plane though different in different Planes, 
the Sine of the Angle of Incidence out of each will, by what 
has been demonſtrated above, be to the Sine of the Angle 
of Refraction into the next in a given Ratio; and therefore, 
fince the Sine of the Angle of Refraction out of one will be 
the Sine of the Angle of Incidence into the next, it is evident 
that the Sine of the Angle of Incidence into the firſt will be in 
a given Ratio to the Sine of the Angle of Refraction out of 
the laſt. Now let us ſuppoſe the Thickneſs of theſe Planes di- 


miniſhed in infinitum, and their Number proportionably in- 


creaſed, the Law of Refraction will ftill continue the ſame; 
and therefore whether the Attraction be uniform or not, there 


will be a conſtant Ratio between the Sine of the Angle of Inci- 


Radius 


gence and of Refraftion, Q. E. P. 


yy 
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Radius deſcribe the Circle APBR, and from G 
and I where the incident and refracted Rays 
cut the Circle, let fall the Lines GK and IL 
perpendicularly upon the Line PR, the former 
of theſe will be the Sine of the Angle of Inci- 
dence, the latter of Refraction. Now if in 


| this Caſe, the Ray GH is ſo refracted at N, 


that GK 1s double or triple, &c. of IL, then 
whatever other Inclination the Ray GH might 
have had, the Sine of its Angle of Incidence 
would have been double, or triple, &c. to that 


of its Angle of Refraction. For Inſtance, had 


the Ray paſſed in the Line MH before Refrac- 
tion, it would have paſſed in ſome Line, as HN 
afterwards, ſo ſituated that MO ſhould have been 
double or triple, &c. of NQ. 

When a Ray paſſes out of a Vacuum into 


| Air, the Sine of the Angle of Incidence is 


found to be to that of Refraction, as 100036 
to 100000. 7 
When it paſſes out of Air into Water, as 
about 4 to 3. 
When out of Air into Glaſs, as about 17 to 
nk... 
When out of Air into a Diamond, as about 


02. 
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Of the Refraftion of Light 22 paſſing 
thro plain and ſpherical Surfaces, 


KS Rays of Light are capable of having 
their Progreſs altered by Refraction or 
Reflection, it is poſſible they may acquire va- 
rious Inclinations and Directions different from 
thoſe which they had at their Emiſſion from 
the Surfaces of viſible Bodies. 


When they recede from each other as they 


* 


"x along, they are ſaid to diverge; and the 
oint they proceed from, is called the Radiant 
Point. | 
When they proceed towards any Point ap- 
proaching nearer together in their Progrefs, 
they are then ſaid to converge; and the Point 
towards which they tend, is called the Focus. 
This Focus may be either real or imagi- 
nary; it is ſaid to be real, when the Rays actu- 
ally proceed to it; but if they are intercepted 
in their Progreſs, or turned another Way be- 
fore they reach it, it is called their 7maginary 
Focus. 

Sometimes it happens, that Rays are ſo re- 
fracted or reflected, that they proceed after- 
wards, as from ſome Point, which is not their 


true Radiant, then alſo that Point is called their 
zmaginary Focus. 


When 
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When they proceed in parallel Lines, they 
are then called parallel Rays; and both their 


Focus and radiant Point is ſuppoſed to be at an 
infinite Diſtance. 


When Rays paſs out of one Medium into 


another, they ſuffer various Alterations in their 
| Motion. All which are expreſſed in the 
| eighteen following Propoſitions. 


I. When parallel Rays fall obliquely on a 
plain Surface of a Medium of different Denſity, 
they are parallel alſo after Refraction. For ha- 
ving all the ſame Inclination to the Surface, 
they ſuffer an equal Degree of Refraction. 
II. When diverging Rays paſs out of a rarer 
into a denſer Medium through a plain Surface, 
they are made thereby to diverge leſfſs. 
For being all refracted towards their reſpec- 


tive Perpendiculars, (but thoſe the moſt that 


are the moſt oblique to the Surface,) they are 
brought nearer to a Paralleliſm among them- 
{elves ; that is, they are made to diverge leſs 
than before. . 

See this and the F ay wit ng Caſes expreſſed more 
determinately, and demonſtrated in the Note 


below, 
III. When 


1. When Rays paſs out of one Medium into another of 
different Denſity through a plain Surface; if they diverge, 
the focal Diſtance will be to that of the radiant Point; if they 
converge, it will be to that of 8 imaginary Focus of the wo 
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III. When they proceed out of a denſer into 
a rarer Medium, the contrary happens; for then 
being refracted from their reſpective Perpendi- 
culars, and thoſe the moſt that are the moſt ob. 
lique, they are made to diverge more. 


I 


dent Rays, as the Sine of the Angle of Incidence is to that of 
the Angle of Refraction. 
This Propoſition admits of four Caſes. | 

Caſe 1. Of diverging Rays paſſing out of a rarer into a denſet 
Medium. | 

Dem. Let X (Fig. 10.) repreſent a rarer, and Z a denſer M. 
dium, ſeparated from each other by the plain Surface AB; {up. 
poſe CE and CD to be two diverging Rays proceeding from 
the Point C, the one perpendicular to the Surface, the other 
oblique ; through E draw the Perpendicular PK. The Ray 
CD being perpendicular. to the Surface will proceed on in the 
right Line CQ, but the other falling on it obliquely at E, and 
there entering a denſer Medium, will ſuffer a Refraction towards 
the Perpendicular EK. Let then EG be the refracted Ray, 
and produce it back till it interſects DC produced alſo, in]; 
this will be the focal Point. On the Center E and with the Ra- 
dius EF, deſcribe the Circle AFBQ, and produce EC to H; 
draw HI the Sine of the Angle of Incidence and GK that of 
Refraction; equal to this is FP or CM, which let be drawn, 
Now if we ſuppoſe the Points D and E contiguous, or nearly 
ſo, then will the Line HE be almoſt coincident with FD, and 
therefore FD will be to CD as HE to CE ; but HE is to CE 
as HI to CM, becauſe the Triangles HIE and CME are ſimi- 
lar; that is, the focal Diſtance of the Ray CE is to the Diſtance 
of the Radiant Point, as the Sine of the Angle of Incidence 
is to that of the Angle of Refraction. ©. E. D. 
Obſ. 1. Whereas the Ratio of FE to ME, or awhich 7s the jam 
Thing, that of nD to CD bears the eradt Proportion of HI 10 
CM, and becauſe this, (being the Ratio of the Sine of the Angic 
"of Incidence to that of the Angle of Refraftion) is akways tht 
Jame, the Line In is in all Inclinations of the Ray CE, at thi 
fame Diſtance from CM; conſequently had CE been coincident 
evith CD, the Point H had fallen upon n; and becauſe the Circ 
ñjaſſes through both H and F, F would alla have fallen upon n; 
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IV. So when converging Rays paſs out of 
| a rarer into a denſer Medium, through a plain 
Surface, they are made thereby to converge 
| leſs, | 


For 


| nþon which Account the Focus of the Ray CF, would have been there, 
= But the Ray CE being oblique to the Surface DB, the Point H is at 
ne Diſtance from n; and therefore the Point F ts neceſſarily ſo too, 
and the more ſo by how muck the greater that Diſtance is: from 
whence it is clear, that no two Rays fiowing from the radiant Point 
C and falling with different Obliquities on the Surface BD, will 
aer Refrattion there, proceed as from the ſame Point; therefore 
8 firialy ſpeaking, there is no one Point in the Line D produced, that can 
more properly be called the Focus of Rays flowing from C, than an- 
other : for thoſe which enter the refracting Surface near D, will after 
Refraction proceed, as has been obſerved, from the Parts about n; 
thoſe which enter near E, will flow as from the Parts about T; 
thoſe ewhich enter about T, as from ſome Points in the Line DF pro- 
duced, &c. And it is farther to be obſerved, that when the Angle 
DCE becomes large, the Line nF increaſes apace; wherefore theſe 
Rays which fall near T, proceed after Refraction, as from à more 
diffuſed Space, than thoſe which fall at the ſame Diſiance from each 
other near the Point D. Upon which Account it is uſual with Op- 
tical Writers to ſuppoſe the Diſtance between the Points where the 
Rays enter the plain Surface of a refrafting Medium, to be incon- 
fiderabl; with Regard to the Diſtance of the radiant Point, if they 
diverge ; or to that of their imaginary Focus, if they converge : and 
unleſs there be ſome particular Reaſon to the contrary, they conſider 
them, as entering the refrating Medium in a Direction as nearly 
perpendicular to its Surfaces as may be. 
Caſe 2. Of diverging Rays proceeding out of a denſer into a 
rarer Medium, 3 | | | 
Dem. Let X be the denſer, Z the rarer Medium, FD and 
FE two diverging Rays proceeding from the Point F; and ſup- 
poling the Perpendicular PK drawn as before, FP will be the 
dine of the Angle of Incidence of the oblique Ray FE, which 
in this Caſe being refracted from the Perpendicular, will paſs 
on in ſome Line as ER, which being produced back to the Cir- 
cumference of the Circle will cut the Ray FD ſomewhere, ſup- 
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For being all refracted towards their reſpec- 
tive Perpendiculars, and thoſe the moſt that are 
the moſt oblique, they themſelves are brought 
nearer to a Paralleliſm, and ſo converge 


leſs. 
V. On 


poſe in C, this therefore will be the imaginary Focus of the 
refracted Ray ER; draw RS the Sine of the Angle of Refrac. 
tion, to which. HI will be equal: but here alſo FP or its equal 
CM, is to Hl, as EC to EH, or (if the Point D and E be con- 
fidered as contiguous) as DC to DF; that is, the Sine of the 
Angle of Incidence is to the Sine of the Angle of Refraction, 
as the focal Diſtance to that of the radiant Point. ©. E. D. 
Caſe 3. Of converging Rays paſſing out of a denſer Mediun 
into a rarer. | | 
Dem. Let Z be the denſer, X the rarer Medium, and GE 
the incident Ray; this will be refracted from the Perpendicular 
into a Line as EH; then all Things remaining as before, GK, 
or its equal FP, or CM will be the Sine of the Angle of Inci- 
dence, and HI that of Refraction: but theſe Lines, as before, 
are to each other, as DC to DF; that is, the focal Diſtance 
is to the Diſtance of the imaginary Focus, as the Sine of the 
Angle of Incidence to that of the Angle of Refraction. 
EA E. D. | | 0 

Caſe 4. Of converging Rays paſſing out of a rarer into a 
denſer Medium. | 

Dem. Let Z be the rarer, X the denſer Medium, and RE 
the incident Ray ; this will be refracted towards the Perpendi- 
cular into a Line, as EF; C will be the imaginary Focus, and 
F the real one, HI which is equal to RS, the Sine of the An- 
gle of Incidence, and FP that of the Angle of Refraction: 
but theſe are to each other, as DF to DC; and therefore the 
focal Diſtance is to that of the imaginary Focus, as the Sine of 
the Angle of Incidence is to that of the Angle of Refraction. 
A. 2. | | 
II. When parallel Rays fall upon a ſpherical Surface of dif- 

ferent Denſity, the focal Diſtance will be to the Diſtance of the 
Center of Convexity, as the Sine of the Angle of Incidence 1s 
to the Difference between that Sine and the Sine of the Angle 
of Refraction. Thi 

| This 


converge more. 
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V. On the contrary, when they proceed 
out of a denſer into a rarer Medium, they are 
refracted the contrary Way, and ſo made to 


All 


This Propoſition admits of four Caſes. | 
Caſe 1. Of parallel Rays paſling out of a rarer into a denſer 
Medium through a convex Surface of the denſer. | 

Dem. Let AB (Fig. 11.) repreſent a convex Surface, C its 
Center of Convexity ; HA and DB two parallel Rays, paſſing 
out of the rarer Medium X into the denſer Z, the one perpen- 
dicular to the refracting Surface, the other oblique : draw CB, 


this being a Radius, will be perpendicular to the Surface at the 


Point B; and the oblique Ray DB being in this Caſe refracted 

towards the Perpendicular, will proceed in ſome Line, as BF, 

meeting the other Ray in F, which will therefore be the Focal 

Point: produce CB to N, then will DBN, or its equal BCA 

be the Angle of Incidence, and FBC that of Refraction. Now, 

whereas any Angle has the ſame Sine with its Complement to two 

right ones, the Angle FCB being the Complement of ACB, which 

is equal to the Angle of Incidence, may here be taken for that 
Angle; and therefore, as the Sides of a Triangle have the ſame 
Relation to each other, that the Sines of their oppoſite Angles have, 
FB being oppoſite to this Angle, and FC being oppoſite to the An- 
gle of Refrattion, they may here be conſidered as the Sines of 
the Angles of Incidence and of Refraction; and for the ſame 
Reaſon CB may be conſidered as the Sine of the Angle CFB, 
which Angle being together with the Angle FBC, equal to the 
external one ACL (32 El. 1.) is itſelf equal to the Difference 
between thoſe two laſt Angles; and therefore the Line FB is 
to CB as the Sine of the Angle of Incidence js to the Sine of 
an Angle which is equal to the Difference between the Angle 
of Incidence and of Refraction. Now, becauſe in very ſmall 
Angles as theſe are, for we ſuppoſe in this Caſe alſo the Diflance 
AB to vaniſh, the Reaſon of which will be ſhewn by and by, their 
Sines bear nearly the ſame Proportion to each other that they 
themſelves do, the Diſtance FB will be to CB as the Sine of the 
Angle of Incidence is to the Difference between that Sine and 


the Sine of the Angle of Refraction; but becauſe BA wani/hes, 


FB and FA are equal, and therefore FA is to CA in that Pro- 


portion. 2. E. D. | | 
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All which may be illuſtrated in the follow. 
ing Manner. 1. Let AB, CD, (Fig. 5.) be 
two parallel Rays falling on the plain Surface 


EF 


Obſ. 2. Jt appears from the foregoing Demonſtration, that. the 
focal Diſtance of the Oblique Ray DB, is ſuch, that the Line BF 
ſhall be to the Line CB or CA as the Sine of the Angle of Incidence to 
the Sine of an Angle, which Angle is equal to the Difference betaween 
the Angle of Tucidence and Refrattion ; therefore ſo long as the Anglt; 
BCA, &c. are ſmall, ſo long the Line BF is pretty much of the ſame 
Length, becauſe ſmall Angles hawe nearly the ſame Relation to each 
other that their Sines have. But when the Point B is removed far 
from A, ſo that the Ray DB enters the Surface, ſuppoſe about O, the 
Angles BCA, &c. becoming large, the Sine of the Angle of Incidence 
begins to bear a conſiderably leſs Proportion to the Sine of an Angl: 
ewhich is equal to the Difference between the Angle of Incidence and 
Refraction than before, and therefore the Line BY begins to bear a 
much leſs Proportion to BC; wherefore its Length decreaſes apace: 
fon which Account thoſe Rays which enter the Surface about O, rot 
only meet nearer the Center of Convexity than thoſe which enter at A, 
but are collected into a more diffuſed Space. From hence it is, that 
the Point where thoſe only which enter near A, are collected, is rech- 


oned the true Focus; and the Diſtance AB in all Demonſtrations relai- 


ing to the Foci of parallel Rays entering a ſpherical Surface whether 
CONVEX or concave, is ſuppoſed to vaniſh. 

Caſe 2. Of parallel Rays paſſing out of a denſer into a rarer 
Medium through a concave Surface of the denſer. 

Dem, Let X be the denſer, Z the rarer Medium. AB the 
Surface by which they are ſeparated, C the Center of Convex- 
ity, and HA and DB two parallel Rays, as before. Through 
B the Point where the oblique: Ray DB, enters the rarer Me- 
dium, draw the Perpendicular CN ; and let the Ray DB, being 
in this Caſe refracted from the Perpendicular, proceed in the 
Direction BM; produce BM back to H; this will be the ima- 
ginary Focus, and DBN, or its equal ACB will be the Angle 


of Incidence, and CBM, or its equal HBN (for they are verti- 


cal) that of Refraction; produce DB to L and draw BF ſuch, 


that the Angle LBF may be equal to DBH : then becauſe NBD 


and DBH together are equal to NBH the Angle of Refrac- 
tion, therefore BCA which is equal to the firſt, and LBF which 


15 
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EF of a Medium of a different Denſity: Now 


becauſe they both make equal Angles of Inci- 
dence with their reſpective Perpendiculars GH, 


"I; 


is equal to the ſecond, are together equal to the, Angle of Re- 


fraction; but LBF is equal to BFA (as being alternate to it) con- 


| ſequently BFA and BCA together are equal to the Angle of Re- 
fraction; and therefore ſince one of them, viz. BCA is equal 
| to the Angle of Incidence, the other 1s the Difference between 


| that Angle, and the Angle of Refraction. Now FB the Sine of 


the Angle FCB, or which is the ſame Thing, of its Complement 
to two right ones BCA, the Angle of Incidence, is to CB the 
| Sine of the Angle BFC, as FB to CB, that is as HB to CB; for 
the Angles DBH and LBF being equal, the Lines BF and BH 
| are ſo too; but the Diſtance BA vaniſhing, HB is to CB, as HA 
to CA: that is, the Sine of the Angle of Incidence is to the 
Sine of an Angle which is the Difference between the Angle of 
Incidence and Refraction, or becauſe the Angles are ſmall, to 


the Difference between the Sine of the Angle of Incidence and 


that of RefraQtion, as the Diſtance of the Focus from the Sur- 
face is to that of the Center from the ſame. 2. E. D. | 
Caſe 3. Of parallel Rays paſſing out of a rarer into a denſer 
Medium through a concave Surface. 

Dem. Let X be the denſer Medium having the concave Surface 
AB, and let LB and FA be the incident Rays. Now whereas, 


when DB was the incident Ray, and paſſed out of a rarer into a 


denſer Medium, as in Caſe the firſt, it was refracted into the Line 
BF, this Ray LB having the ſame Inclination to the Perpendi- 
cular, will alſo ſuffer the ſame Degree of Refraction, and will 
therefore paſs on afterwards in the Line FB produced, v. g. to- 
wards P. So that, whereas in that Caſe the Point F was the 
real Focus of the incident Ray DB, the ſame Point will in this 
be the imaginary Focus of the incident Ray LB: But it was 
there demonſtrated, that the Diſtance FA is to CA, as the Sine 
of the Angle of Incidence is to the Difference between that and 
the Sine of the Angle of Refraction, therefore the focal Di- 
ſtance of the refracted Ray BP is to the Diſtance of the Center 
of Convexity in that Proportion. 2, E. D. 

Caſe 4. Of parallel Rays paſſing out of a denſer into a rarer 
Medium through a convex Surface of the denſer. 

Dem. Let Z be the denſer Medium, having the convex Sur- 
face AB, and let LB and FA be the incident Rays, as before. 


Now 
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I K, before Refraction, they will make equal 


Angles of Refraction with them afterwards, 
and ſo proceed on in the parallel Lines BL 


DM, 


Now whereas when DB was the incident Ray paſſing out of a den. 
ſer into a rarer Medium, it was refracted into BM, as in Caſe the 
ſecond, having a Point as H in the Line MB produced for it; 
imaginary Focus; therefore LB, for the like Reaſon as was gi. 
ven in the laſt Caſe, will in this be refracted into B H, having 


the ſame Point H for its real Focus. So that here alſo the Fo. 


cal Diſtance will be to that of the Center of Convexity, as the 
Sine of the Angle of Incidence is to the Difference between that 
and the Sine of the Angle of Refraction. 2. E. D. 


HI. When diverging or converging Rays enter into a Mediun 
of different Denſity through a ſpherical Surface, the Ratio com- 
pounded of that which the focal Diſtance bears to the Diſtance 
of the Radiant Point (or of the imaginary Focus of the inci. 
dent Rays, if they converge ;) and of that, which the Diſtance 
between the ſame radiant Point (or imaginary Focus) and the 
Center, bears to the Diſtance between the Center and the Focus, 
is equal to the Ratio, which the Sine of the Angle of Incidence 
bears to the Sine of the Angle of Refraction. 

This Propoſition admits of ſixteen Caſes. 

Caſe 1. Of diverging Rays paſling out of a rarer into a denſer 
Medium, through a convex Surface of the denſer, with ſuch a De- 
gree of Divergency, that they ſhall converge after Refraction. 
Dem. Let BD (Fig. 12.) repreſent a ſpherical Surface, C its 
Center of Convexity, and let there be two diverging Rays AB 
and AD, proceeding from the radiant Point A, the one per- 
pendicular to the Surface, the other oblique. Through the 
Center C produce the perpendicular Ray AD to F, and draw 
the Radius CB and produce it to K, and let BF be the retracted 
Ray; then will F be the focal Point; produce AB to H, and 
through the Point F draw the Line FG parallel to CB. A; 
being the incident Ray, and CK perpendicular to the Surface 
at the Point B, the Angle ABK, or which is equal to it, be- 
cauſe of the parallel Lines CB and FG, FGH is the Angle 
of Incidence. Now whereas the Complement of any Angl: 
to two right ones has the ſame Sine with the Angle itſelf, 
the Sine of the Angle FG B, that being the Complement of 
FGH 0 two right ones, may be conſidered as the Sine 

'$ 1 5 {s 
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DM. 2. Let the diverging Rays AB, AE, 


AF, (Fig. 6.) paſs out of a rarer into a den- 
| ſer Medium, through the plain Surface G H, 


and 


| the Angle of Incidence; which Sine the Line FB, as the Sides of a 


Triangle have the ſame Relatien to each other, that the Sines of their 
oppoſite Angles have, may be taken for. Again, the Angle FBC 


is the Angle of Refraction, or its equal, becan/e alternate to it, 
BFG, to which BG being an opposite Side, may be looked upon 
| as the Sine. But FB is to BG in a Ratio compounded of FB to 


BA, and of BA to BG, for the Ratio that any two Quantities 
bear to each other, is compounded of the Ratio, which the firſt bears 
to any other, and of the Ratio which that other bears to the ſecond. 


Now FB is to BA, ſuppoſing BD to vaniſh, as FD to DA; and 


BA is to BG, becauſe of the parallel Lines CB and FG, as AC to 
CF. That is, the Ratio compounded of FD, the focal Diſtance, 


E to DA, the Diflance of the radiant Point, and of AC, the Diſtance 


between the radiant Point and the Center, to CF, the Diſtance be- 


= 7ween the Center and the Focus, is equal to that which the Sine of 


the Angle of Incidence bears to the Sine of the Angle of Re- 
fraction. Q. E. D. 


Obſ. 3. Whereas the focal Diftance of the oblique Ray AB is 
ſuch, that the compound Ratio of FB to BA and of AC to CF 


all be the ſame, whatever be the Diſtance between B and D; 
it is evident, that fince AC is always of the ſame Lenth, the 
= more the Line AB lengthens, the more FB muſt lengthen too, or 


elle FC muſt ſhorten ; but it appears by Inſpection of the Figure, 
that if BF lengthens, CF will do fo too, and in a greater Pro- 
portion with reſpe? to its own Length than BF will, therefore 
the Lengthening of BF will conduce nothing towards preſerving 
the Equality of the Proportion: but as AB lengthens, BF and 
CF muſt both ſhorten, which is the only paſſible ay wherein 


the Proportion may be continued. the ſame. And it is alſo appa- 


rent, that the farther B moves from D towards O, the faſſer 


AB lengthens, and therefore the farther the Rays enter from 


D, the nearer to the refrafting Surface is the Place where they 
meet, but the Space they are collected in, is the more diffuſed : 
And therefore in this Caſe, as well as thoſe taken Notice of in 


the two foregoing Obſervations, different Ray:, though flowing 


from the ſame Point, ſhall conſtitute different 'Focus's; and 
naue are ſo effectual as thoſe which enter at or very near the 
| I | Point 
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and let the Ray AB be perpendicular to that 
Surface; the reſt being refracted towards theit 
reſpective Perpendiculars EK, FM, and thoſe 
che moſt that fall the fartheſt from B, they wil 


pro- 


Point D. And ſince the ſame is obſervable of converging as arell a 
of diverging Rays, none except thoſe which enter very near that Point, 
are uſually taken into Conſideration ; upon which Account it is, that 
the Diſtance DB, in determining the focal Diſtances of diverging ur 
ae e Rays entering à convex or concave Surface, is ſuppoſed to 
vaniſh. 

Thoſe who would ſee a Method of determining the preciſe 
Point which the Ray AB, whether it be parallel, converging, 
or diverging to the Ray AF, converges to or diverges from after 

Refraction at B or any other given Point in the Surface DO, 
may find it in the Appendix to Molineux's Optics, which for the 
Sake of thoſe who have not that Book, I ſhall ſubjoin at the 
End of this Note. | 

Caſe 2. Of converging Rays paſſing out of a rarer into a den- 

ſer Medium through a concave Surface of the denſer with ſuch a 
Degree of Convergency, that they ſhall diverge after Refrac- 
tion. | ; | 

Dem. Let the incident Rays be HB and FD paſſing out of a 
rarer into a denſer Medium through the concave Surface BD, 
and tending towards the Point A, from whence the diverging 

Rays flowed in the other Caſe ; then the oblique Ray HB hav- 
ing its Angle of Incidence HBC equal to ABK the Angle of 
Incidence in the former Caſe, will be refracted into the Line 
BL ſuch, that its refracted Angle KBL will be equal to FBC 
the Angle of Refraction in the former Caſe ; that is, it will pro- 
ceed after Refraction in the Line FB produced, having the ſame 
focal Diſtance FD with the diverging Rays AB, AD, in the other 
Caſe. But, by what has been already demonſtrated, the Ra- 
tio compounded of FD, the focal Diſtance, to DA, in this Caſe, 
the Diſtance of the imaginary Focus of the incident Rays, and of 
AC, the Diſtance between the ſame imaginary Focus and the Cen- 


ter, to CF, the Diſtance between the Center and the Focus, is 


equal to that which the Sine of the Angle of Incidence bears to 
the Sine of the Angle of Refraction. 2. E. D. | 

Caſe 3. Of diverging Rays paſſing out of a rarer into a den- 
ſer Medium through a convex Surface of the denſer, with ſuch 
a Degree of Divergency as to continue diverging, 
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proceed in the Directions EN and FO, diverg- 


ing in a leſs Degree from the Ray AP, than 
they did before Refraction. 3. Had they pro- 


ceeded 


4 


Dem. Let AB, AD (Fig. 13.) be the diverging Rays, and let 

their Divergency be ſo great, that the refracted Ray BL ſhall alſo 

| diverge from the other; produce LB back to F which will be the 

focal Point; draw the Radius CB and produce it to K, produce 
BA likewiſe towards G, and draw FG parallel to BC. Then will 
ABK be the Angle of Incidence, whole Sine BF may be taken for, 
as being oppoſite to the Angle BGF, which is the Complement 
of the other to two right ones. And LBC ts the Angle of Re- 
fraction, or its equal KBF, or which is equal to this, BFG, as be- 
ing alternate; therefore BG the oppoſite Side to this may be ta- 
ken for the Sine of the Angle of Refraction. Bur BF is to BG, 
for the like Reaſon as was given in Caſe the firſt, in a Ratio 
compounded of BF to BA, and of BA to BG. Now BF is to 
BA, (DB vaniſhing) as DF to DA, and becauſe of the parallel 
Lines FG and BC, the Triangles CBA and AGF are ſimilar, 
therefore BA is to AG as CA to AF, conſequently BA is to 
BA together with AG, that is, to BG, as CA 1s to CA together 
with AF, that is, CF. Therefore the Ratio compounded of DF 
the focal Diſtance to DA the Diſtance of the radiant Point, 
and of CA the Diſtance between the radiant Point and the 
Center, to CF the Diſtance between the Center and the Focus, 
is equal to that which the Sine of the Angle of Incidence bears 
to the Sine of the Angle of Refraction. 2, E. D. 

Caſe 4. Of converging Rays paſling out of a rarer into a den- 
ſer Medium through a concave Surface of the denſer in ſuch 
Manner that they ſhall continue converging. 

Dem. Let HB and CD be the incident Rays paſling out of the 
rarer into the denſer Medium through the concave Surface BD, 
and tending towards A the ſame Point from whence the diverg - 

ing Rays flowed in the laſt Caſe. Then becauſe the Ray HB 
has the ſame Inclination to the Perpendicular CK that AB had 
before, it will ſuffer the ſame Degree of Refraction, and paſs 
on in the Line LB produced, having its Focus F at the ſame 
Diſtance from the refracting Surface as that of the diverging 
Ray AB in the other Caſe. Therefore, &c. 2. E. D. 
Caſe 5. Of diverging Rays paſſing out of a denſer into a rarer 
Medium through a concave Surface of the denſer. 


| | Dem, 
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ceeded out of a denſer into a rarer Medium, 
they would have been refracted from their Per- 
pendiculars EK, FM, and thoſe the moſt which 
were the moſt oblique, and therefore would 

| have 


Dem. Let AB, AD (Fig. 14.) be the incident Rays paſling 


out of a denſer into a rarer Medium through the concave Sur. 
face BD, whoſe Center is C; and let BL be the refracted Ray, 
which produce back to F, and draw FG parallel to CB. Here 
ABK is the Angle of Incidence, to which its alternate one FGB 
being equal, FB the oppoſite Side may be conſidered as the 
Sine of it. The Angle of Refraction is LBC or FBK, of which 
BFG being the Complement to right ones, BG the oppoſite 
Side may be looked upon as its Sine. But BF is to BG, in the 
compound Ratio of BF to BA and of BA to BG for the Reaſon 
given above, Now (BD vaniſhing) BF is to BA as DF to DA, 
and BA is to BG as CA to CF. That is, the Ratio com- 
pounded of the focal Diſtance to the Diſtance of the radiant 
rome, Fe 2. £4) 8 | 
Caſe 6. Of converging Rays paſſing out of a denſer into a 

rarer Medium through a convex Surface of the denſer. 

Dem. Let HB, CD, be the incident Rays tending towards 
the Point A which was the Radiant in the laſt Caſe. Then, 
for the Reaſon already given, the oblique Ray will ſuffer ſuch 
a Degree of Refraction, as to have its Focus F at the ſame Di- 
ſtance from the Surface, as the diverging Rays AB, AD hadin 
that Caſe. Therefore, &c. 2. E. D. | 

When the Mediums through which Rays paſs, and the refract- 
ing Surfaces are ſuch, that Rays flowing from A (Fig. 12.) are 
collected in F, then Rays flowing from F through the ſame Me- 
diunis the contrary Way, will be collected in A. For when Rays 
paſs out of one Medium into another, the Sine of the Angle of 
Incidence bears the ſame Proportion to the Sine of the Angle of 
Refraction, as the Sine of the Angle of RefraQion does to the 
Sine of the Angle of Incidence, when they paſs the contrary 
Way. This 1s applicable to each of the ſix following Caſes 
compared reſpectively with the fix foregoing ; therefore they 
may be conſidered as the Converſe of them; or they may be 
demonſtrated independently of them, as follows. 

Caſe 7. Of diverging Rays paſſing out of a denſer into a 

rarer Medium through a convex Surface of the denſer, ſo as to 
converge afterwards, 


Dem. 


Lines C 


, 
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have diverged more than before. 4. Let the 
| converging Rays AB, CD, EF (Fig. 7.) paſs 
out of a rarer into a denſer Medium, through 


the 


Den. Let AB, AD (Fig. 15.) be two diverging Rays paſſing 
© through the convex Surface BD into a rarer Medium. Let C be 
the Center of Convexity, and BF the refracted Ray. Draw CB 
and produce it to K, and draw FG parallel to it meeting AB pro- 
= duced in G. Then will ABC be the Angle of Incidence, of 
which FB being oppoſite to its alternate and equal Angle FGB, 
may be conſidered as the Sine. The Angle of Refraction is FBK, 
of which GB being oppoſite to its Complement to two right ones 
& GFB, may be taken for the Sine. Now FB is to BG, in a Ra- 
is compounded of FB to BA, and of BA to BG. But (BD 
= vaniſhing) FB is to BA as FD to DA, and becauſe of the parallel 
| 5 and FG, BA is to BG as CA to CF. Therefore the 
focal Diſtance, &c. 2. E. D. 
Ca 8. Of converging Rays paſſing out of a denſer into a 
rarer Medium through a concave Surface of the denſer 10 as to 
= diverge afterwards. EL 

Dem. Let GB and FD be the incident Rays tending towards 
= A, and produce FB to L. Then as AB in the laſt Caſe was 


= refrated into BF, GB will in this be refracted into BL, for 


the Reaſons already given, having F for its focal Point. There- 
fore, c. ©. E. D. | 

= Coe 9. Of diverging Rays paſſing out of a denſer into a rarer 
Medium through a convex . of the denſer, in ſuch Manner 
zs to continue diverging. „ 
Dem. Let AB, AD (Fig. 16.) be two Rays paſſing out of a 
= denſer into a rarer Medium, through the convex Surface DB, 
= waoſe Center of Convexity is C. Draw CB, produce it to K, and 
let BL be the refracted Ray, produce BL back to F, and draw 
= FG parallel to CB meeting CA produced in G. Then will ABC 
be the Angle of Incidence, of which FB being oppoſite to its 
alternate and equal Angle FGB, may be conſidered as the Sine. 
The refracted Angle is LBK, or its equal CBF, of which BG 
being oppoſite to its Complement to two right ones BFG, is the 
Sine. Now BF is to BG in the compound Ratio of BF to BA 
and of BA to BG: but BF is to BA as DF to DA; and becauſe 
of the parallel Lines CB and FG, the Triangles BCA, AGF 
are ſimilar, therefore BA is to AG as CA to AF, and conſe- 
quently BA is to BG as CA to CF. Therefore, &c. Q. E. D. 
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the plain Surface G H, and let the Ray AB be 


perpendicular to that Surface, then the other 
Rays being refracted towards their reſpec- 


tive 


Caſe 10. Of converging Rays paſſing out of a denſer into 2 
rarer Medium through a cancave Surface of the denſer, in ſuch | 
Manner as to continue converging, | 

Dem. Let HB,'MD be the incident Rays tending towards the 
Point A. Then will the oblique Ray HB for the Reaſons al. 
ready given be refracted into BF. Therefore, &c. 2. E. D. 

_ Cafe 11. Of diverging Rays paſſing out of a rarer into a den- 


| ſer Medium through a concave Surface of the denſer. 


Dem. Let AB, AD (Fig. 17.) be the incident Rays paſſing out 
of a rarer into a denſer Medium, through the concave Surface BD, 
whoſe Center of Convexity is C, and ſuppoſing the Line CB 
drawn and produced to K, the refracted Ray BL drawn and pro- 
duced back to F, and alſo FG drawn parallel to CB, ABC will 


be the Angle of Incidence, of which FB being oppoſite to its 


Complement to two right ones BGF, is the Sine, The Angle 
of Refraction will be LBK or its equal FBC, of which BG be- 
ing oppoſite to its equal and alternate one BFG, is the Sine. 
Now FB is to BG in the compound Ratio of FB to BA and of 
BA to BG. But (BD vaniſhing) FB is to BA as FD to DA, and 
becauſe of the parallel Lines FG and CB, BA is to BG as CA 
to CF. Therefore, &c. 2. E. D. 5 
Caſe 12. Of converging Rays paſſing out of a rarer into 
denſer Medium through a convex Surface of the denſer. | 
Dem. Let HB, MD be the incident Rays tending towards A 
the radiant Point in the laſt Caſe; then, as was explained above, 
BF will be the refracted Ray. Therefore, &c. 2. E. D. 
Caſe 13. Of Rays paſſing out of a rarer into a denſer Medium 
from a Point between the Center of Convexity and the Surface. 
Dem. Let AB; AD (Fig. 18.) be two Rays paſſing out of a 
rarer into a denſer Medium from the Point A, which let be po- 
fited between C the Center of Convexity and the refracting Sur- 
face BD; through B draw CK, and let BL be the refracted 


Ray; produce BL back to F and draw FG parallel to BC. 


Then will ABC be the Angle of Incidence, of which BF being 
oppoſite to its Complement to two right ones BGF, is the Sine. 
LBK will be the Angle of Refraction, or its equal FBC, of 
which BG being oppoſite to its alternate and equal one BFG, 

| 8 | ITY is 
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tive Perpendiculars DK, FM, and EF for 
Inſtance more than CD, they will proceed 


in the Directions DN, FN converging in a 


leſs Degree towards the Ray AN, than they 
5 5 did 


is the Sine. . But, as before, BF is to BG in à compound R279 
of BF to BA and of BA to BG; and (BD vaniſhing) BF is to 
BA as DF to.DA, and becauſe the Lines CB and FG are paral- 
lel, BA is to BG as CA to CF. Therefore, &r. Q. E. D. 
Caſe 14. Of Rays paſling out of a rater into a denſer Medium 


towards a Point between the Center of Convexity and the Sur- 


laces. £*';; | | 
Dem. Let the incident Rays be MD, HB, tending towards 
A from whence the other proceeded in the laſt Cafe. Then as 
in that Caſe the refracted Ray BL being produced back paſſed 
through F, in this the refracted Ray itſelf, for the like Reaſons 
as were given in the foregoing Caſes; will paſs through that 
Point: Therefore, &c. 2. E. D. „ 
Caſe 15. Of Rays paſſing out of a denſer into a rarer Medium 
from a Point between the Center of Convexity and the Surface. 
Dem. Let AB, AD (Fig. 19.) be two diverging Rays paſſing 


out of a denſer into a rarer Medium through the refracting Sur- 


face BD, whoſe Center of Convexity is C, a Point beyond that 
from whence the Rays flow. Through B draw CK, and let BL 
be the refracted Ray, produee it back to F, and draw FG pa- 
rallel to BC meeting BA produced in G. ABC will be the An- 


gle of Incidence, of which BF being oppoſite to its alternate 


and equal Angle BGF, is the Sine. The Angle of Refraction 
is LBK or its equal FBC, of which BG being oppofite to its 
Complement to two right ones BFG, is the Sine. But BF is 
to BG in the compound Ratio of BF to BA and of BA to BG; 
and (BD vaniſhing) BF is to BA as DF to DA, and becauſe of 
the parallel Lines CB and GF, the Triangles AFG and ABC 
are ſimilar. BA therefore is to AG as CA to AF, conſequently 
BA is to BA and AG together; that is, to BG, as CA is to CA 


and AP together, that is, to CF; and therefore the focal Di- 


ſtance, &c. ©. E. D. 18 
Cafe 16. Of Rays paſſing out of a denſer into a rarer Medium 

2 a Point between the Center of Convexity and the Sur- 

ace. | 
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did before. 5. Laſtly,” Had the firſt Medium 
been the denſer, they would have been refrac- 


ted the other Way, and therefore have con- 
verged more. 


VI. When 


Dem. Let HB, MD be the incident Rays, having for their 
1maginary Focus the Point A which was the Radiant in the laſt 
Caſe, and let C the Center of Convexity of the refracting Surface 
be poſited beyond this Point. Then will HB, for the Reaſons 
already given, be refracted into BF, having the Point F for its 

real Focus which was the imaginary one of the diverging Rays 
AB, AD in the former Caſe. Therefore as before the Rat 
compounded of that which the focal Diſtance bears to the Di. 
ſtance of the imaginary Focus of the incident Rays, and of that 
which the Diſtance between the ſame imaginary Focus and the 
Center, bears to the Diſtance between the Center and the Fo- 
cus, is equal to the Ratio which the Sine of the Angle of In- 
cidence bears to the Sine of the Angle of RefraQtion. 2. E. D. 

The firſt Term in the foregoing Proportion (v. that in Pro. 
poſition the 3d of this Note) being always an unknown Quan- 
tity, thoſe who are not well verſed in the Uſe of ſuch Propo- 
fitions, may think it impoſſible to inveſtigate the focal Diſtance 
of any refracting Surface by it: I ſhall therefore exemplify it 
in the following Inſtance, by which the Manner of doing it in 
all others will clearly be underſtood. J. g. Let it be required 
to determine the focal Diſtance of diverging Rays paſſing out 
of Air into Glaſs through a convex Surface, and let the Di- 
ſtance of the radiant Point be 20, and the Radius of Convex- 

ity be 5: Now becauſe we muft make Uſe of the focal Di- 
ſtance before we know it, let «hat be expreſſed by ſome Sym- 
bol or Character as x: Then, becauſe by the aforeſaid Propo- 
fition the Ratio compounded of that which the focal Diſtance 
bears to the Diſtance of the radiant Point (that is in this Suppo- 


ſition, of x to 20); and of the Ratio which the Diſtance of the 


ſame radiantPoint from the Center bears to the Diſtance between 
the Center and the Focus (in this Caſe, of 25 to x—5) is equal 
to the Ratio which the Sine of the Angle of Incidence bears to 
the Sine of the Angle of Refraction (that is, of 17 to 11), we 
mall have in the Inſtance before us, the following Proportion, vix. 
1 20 


: : 17 : 11, and compounding them into one, 
25 2 X„—5 | 


which 
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VI. When Rays proceed out of a rarer into 


a denſer Medium, through a convex Surface 


of the denſer, if they are parallel before Re- 
fraction, they become converging afterwards. 
| For 


which is done by multiplying the two firſt Parts together, we 


have 25x: 20x—100 : : 17 : 11, and multiplying the extream 


Terms and middle Terms together, 340x—1700=275x, Which 
Equation after due Reduction gives x=242*. 


In ſome Caſes which might have been put, the Quantity 65 


would have been negative, and then the Quotient arifing from 
1700 divided by that, would have been ſo too; that is x the 
focal Diſtance would have been Negative, in which Caſe the 
Focus muſt have been taken on the contrary Side the Surface to 
that on which it was ſuppoſed to fall in ſtating the Problem; 
that is, it muſt have been taken on the ſame Side with the ra- 
diant Point, for in calling the Diſtance between the Center and 
the Focus x—5 it was ſuppoſed the Focus would fall on the ſame 
Side with the Center or on that which is oppoſite to the radiant 
Point, becauſe otherwiſe that Diſtance muſt have been expreſſed 
by x+5, as any one may ſee by Inſpection of the 13th or 14th 
Figure, in which the Focus of diverging Rays entering a convex 
3 is ſuppoſed to fall on the ſame Side with the radiant 
oint. 

In like Manner as this Problem was performed a general The- 
drem may be raiſed to ſolve it in all Caſes whatſoever, by uſing 
Characters inſtead of Figures; as every one who is not unae- 
quainted with algebraic Operations very well knows. 3 

See this done, and applied to the Paſſage of Rays thfough the 
Surface of Lenſes in the ſecond Note to the following Chapter. 


A Method of determining the Point which a Ray, entering # 
ſpherical Surface at any given Diſtance. from the Vertex of it; 


_ converges to or diverges from after Refraction at the ſame. 


From the Appendix to Molineux's Diogtrics. | 
Prop. To find the Focus of any Parcel of Rays drverging 
% from, or converging to a given Point in the Axis of a ſpherical 
* Lens [Surface] and inclined thereto under the ſame Angle ; 
* the Ratio of the Sines in Refraction being known. 
Let GL (Fig. 20.) be the Lens, P any Point in its Surface, 
„ V the Pole [Vertex] thereof, C the Center of the Sphere 
* Whereof it is a Segment, O the Object or Point in the Axis to 
& 2 "Y*..0f 


= 3 
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For in this Caſe, the Perpendiculars at the 


Points where the Rays enter the Surface, are 
all drawn from the Center of Convexity on 


the 


ce or from which the Rays do proceed, OP a given Ray; and 


© let the Ratio of Refraction be as tos; make CR to CO as 


« tor for the Immerſion of a Ray, or as r to s for the Emer. 
6e ſion, (that is, as the Sines of the Angles in the Medium which 
« the Ray enters, to their correſponding Sines in the Medium 


« out of which it comes) and laying CR from C towards O, 


« the Point R ſhall be the ſame for all the Rays of the Point O. 
e Then draw the Radius PC (if Need be) continued, and with 
ce the Center Rand Diſtance OP ſweep a Touch of an Arch in. 
ce terſecting PC in Q; the Line QR being drawn ſhall be pa- 
<« rallel to the refracted Ray, and PF being made parallel 
« thereto, ſhall interſe& the Axis in the Point F, which is the 


e Focus ſought. Or make it as CQ: CP: : CR: CF, and CF 


e ſhall be the Diſtance of the Focus from the Center of the 
„ Sphere. 5 | . | 

« Dem. Let fall the Perpendiculars PX on the Axis, CY on the 
« given Ray, and CZ on the refracted Ray. By the Conſtruction 
« PF and QR are parallel, whence the Triangles QRC and PFC 
are ſimilar, and CR to QR, as CF to PF, that is CR to OP as 
« CF to PF. Now CF: PF: : CZ : PX ob familia Triang. 
« whence CR: OP:: CZ: PX, and CR: CZ:: OP: PX. Again, 
* CR is to CO as the Sines of Refraction by Conſtruction, that 


5 | | | | 8 
«1s, as 5 to , or r tos; and as CR to CZ, io (CO=) a 


« —CRto—or = CE, and ſo is PO to PX: But as PO to PX, 


« ſo CO to CY. Ergo CY = —or—CZ, that is CY to CZ is as 


te the Sines of Refraction; but CY is the Sine of the Angle of 
Incidence, and CZ of the refracted Angle. Ergo conſtat Pro- 
«© Pofttio.—— | 
«© Hitherto we have conſidered only b/;qze Rays ; it now re- 

*« mains to add ſomething concerning Rays parallel to the Axis: 
In this Cafe the Point O muſt be conſidered as infinitely di- 
e ſlant, and conſequently OP, OC, and CR are all infinite: 
and OP and OC are in this Caſe to be accounted as always 
equal, ſince they differ but by a Part of the Radius of the 
| « Sphere 


* 
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the other Side; and therefore, as the Rays 
are refracted towards thoſe Perpendiculars, 
they are neceſſarily refracted towards each 
other, and thereby made to converge. 

VII. If they enter diverging, then for the 
ſame Reaſon, they are made to diverge leſs, 


e Sphere GPVL, which is no Part of either of them) where- 
fore the Ratio of CR to OP will be always the ſame, wzz. 
« as f to » for immerging Rays, and as r to s for thoſe that 
% emerge. And by this Propoſition CF is to PF in the ſame 
* Ratio. It remains therefore to ſhew on the Baſe CP how to find 
te all the Triangles CPF, wherein CF is to PF in the Ratio given 
„ by the Degree of Refraction. This Problem has been very 
fully conſidered by the celebrated Dr. Walks in his late 
« Treatiſe of Algebra, p. 258, to which I refer ; but I mult here 
e repeat the Conſtruction thereof. See Fig. 21 and 22. 

Let GPVL be a Lens, VC or PC the Radius of its Sphere, 
* and let it be required to find all the Points /, F; ſuch, as CF 
“ may be to PF in the given Ratio of 5 tor for immerging Rays, 
* oras r to s for the emerging. Divide CV in K, and continue 
* CV to F, that CK may be to VK, and CF to VF in the 
« propoſed Ratio. Then divide KF equally in the Point a, 
and with that Center ſweep the Circle FKF ; this Circle be- 
ing drawn gives readily all the Foci of the parallel Rays OP, 
„OP. For having continued CP till it interſect the Circle in 
„“ F, PF ſhall be always equal to VF the Diſtance of the Focus 
« of each reſpective Parcel of Rays OP from the Vertex or Pole 
« of the Lens, ©. . 


«* To demonſtrate this, draw the pricked Line VF, and by 


“ what is delivered by Dr. Wallis in the above-cited Place, VF 
* and CF will be always in the ſame propoſed Ratio. Again, 


* VF being made equal to PF, CF and Cf will be likewiſe _ 


* equal, as are CP, VC; and the Angles PC/ VCF being ad 
'* Versicem are allo equal: Wherefore PF will be equal to VF, 
and conſequently Cf to P/ in the ſame Ratio as CF to VF; 
* whence, and by what foregoes, the Points /, V are the ſe- 
2 reſpective Foci of the ſeveral Parcels of Rays, OP, OP.“ 


— — 


If any one would ſee how this is to be applied in all other In- 
ſtances, he may conſult the Place. 


C3 to 
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to be parallel, or to converge, according to the 

Degree of Divergency they have before they 
enter. 

For if they diverge very much, their being 
bent towards their reſpective Perpendiculars in 
paſſing through the Surface, may only diminiſh 

their Divergency; whereas, if they diverge in 
a ſmall Degree it may make them parallel, or 
even to converge. What Degree of Divergency 
or Convergency before Refraction in this and 
the following Caſes, is neceſſary to make Rays 
become parallel, will be ſhewn at Section the 
17th of this Chapter. 5 

VIII. It they converge in ſuch Manner as 
to tend directly towards the Center of Con- 
vexity before they enter the Surface, they fall 
in with their reſpective Perpendiculars, and ſo 
paaſs on to the Center without ſuffering any Re- 

fraction. N 3 | 
IX. If they converge leſs than their Perpen- 
diculars, that is, if they tend to a Point be- 
ou the Center of Convexity, they are made 

y Refraction to converge more; and if they 
converge more than their Perpendiculars, that 
is, if they tend towards a Point between the 
Center and the Surface, then by being refrac- 
om towards them, they are made to converge 

els. - | 

This and the. three foregoing Propoſitions 
may be illuſtrated in the following Manner. 
1. Let AB, CD (Fig. 8.) be two parallel 
Rays entering a denſer Medium through the 
Ty convex 


N 
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convex Surface DB, whoſe Center of Convexi- 
ty is E; and let one of theſe, viz. AB be per- 
pendicular to the Surface. This will paſs on 


through the Center without ſuffering any Re- 


fraction, but the other being oblique to the 


Surface, will be refracted towards the Perpen- 
dicular ED, and will therefore be made to pro- 
ceed in ſome Line, as DG, converging towards 
the other Ray, and meeting it in G, which 
Point for that Reaſon is called the Focus. 2. 
Had the Ray CD diverged from the other, ſup- 


pole in the Line AD, it would, by being re- 


tracted towards its Perpendicular ED, have 
been made either to diverge leſs, be parallel, 


or to converge. 3. Let the Line ED be pro- 


duced to F, and if the Ray had converged, ſo 
as to have deſcribed the Line FD, it would 


then have been coincident with its Perpendicu- 


lar, and have ſuffered no Refraction at all. 4. 
If it had proceeded from any Point between C 
and F, as from H, or which is the ſame Thing, 


towards any Point beyond E in the Line BE 


produced, it would have been made to con- 
verge more, by being refracted towards the Per- 
pendicular DE, which converges more than it; 


and had it proceeded from ſome Point, as I, on 


the other Side F, that is, towards any Point 
between B and E, it would then have conver- 
ged more than its Perpendicular, and fo, being 


refracted towards it, would have been made to 


have converged leſs. 


G4 5 X. When 
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X. When Rays proceed out of a denſer into 
a rarer Medium, through a concave Surface of 
the denſer, the contrary happens i in each Caſe. 

For being now refracted from their reſpective 
Pernendicullts, as they were before towards 
them, if they are n before Refraction, 
they diverge afterwards; if they diverge, their 
Divergency is increaſed ; if they converge in 
the Direction of their Perpendiculars, they ſuf- 
fer no Refraction; if they converge leſs than 
their reſpective perpendicular, they are made 
to converge ſtill leſs, to be parallel, or to di- 
verge; if they converge more, their Conver- 
gency is increaſed. All which may clearly be 
ſeen by the Figure, without any farther Illuſ- 
tration, imagining. the Rays AD, CD, Ec. 
bent the contrary Way in their Refractions to 
what they were in the former Caſes. 

XI. When Rays proceed out of a rarer into 
a denſer Medium, through a concave Surface 
of the denſer, if they are parallel before Re- 
fraction, they are made to diverge. 

For in this Caſe, the Perpendiculars at the 
Points where the Rays enter the Surface, being 
drawn from a Point on that Side of the Surface 
from which the Rays tend, if we conceive 
them to paſs through the Surface, they will be 
ſo many diverging Lines on the other Side, and 
therefore the Rays after they have paſſed thro 
the ſame Points, muſt neceſſarily be rendered 
diverging | in being refracted towards them. 


XII. If 
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XII. If they diverge before Refraction, then 
for the ſame Reaſon, they are made to diverge 
more. 

XIII. Unleſs they proceed directly from the 
Center, in which Caſe they fall in with their 
Perpendiculars, and ſuffer no Refraction: or 
from ſome Point between the Center of Con- 
vexity and the Surface, for then they diverge 
more than their reſpective Perpendiculars, and 
therefore being by Refraction brought towards 
them, they become leſs diverging. 

XIV. If they converge, then being refracted 
towards their Perpendiculars, they are either 
made leſs converging, parallel, or diverging, 
according to the Degree they converged in be- 
fore Refraction. 

To illuſtrate this, and the three foregoing 
Caſes. 1. Let AB, CD (Fig. 9.) be two pa- 
rallel Rays entering the concave and denſer Me- 
dum X, the Center of whoſe Convexity is 
E, and the Perpendicular to the refracting Sur- 
| face at the Point D, is EF; the Ray AB if we 
ſuppoſe it perpendicular to the Surface at B 
will proceed on directly to G; but the oblique 
one CD being refracted tow-ards the Perpen- 
dicular DF, will recede from the other Ray 
AG in ſome Line as DH. 2. If the Ray CD 
had proceeded from A diverging in the Direc- 
tion AD it would have been bent nearer to the 
Perpendicular, and therefore have diverged 
more, 3. But if it had diverged from the Cen- 


ter 
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ter E, it would have fallen in with the Per- 

ndicular EF, and not have been refracted at! 
all : and had it proceeded from I, a Point onf 
the other Side the Center E, it would by being 
refracted towards the Perpendicular DF have] 
proceeded in ſome Line nearer it than it other-} 
wife would have done, and ſo would diverge 
leſs than before Refraction. 4. If it had con- 
verged in the Line LD, it would have beenfl 
rendered leſs converging, parallel, or diverging, 
according to the Degree of Convergency, which 
it had before it entered into the refracting Sur- 
face. | 
XV. If the ſame Rays proceed out of a den- 
ſer into a rarer Medium through a convex Sur- 
face of the denſer, the contrary happens inf 
each Suppoſition : The parallel are made to 
converge; thoſe which diverge leſs than their 
reſpective Perpendiculars, that is, thoſe which 
proceed from a Point beyond the Center, are 
made leſs diverging, parallel, or converging, | 
according to the Degree in which they diverge 
before Refraction; thoſe which diverge more 
than their reſpective Perpendiculars, that is, 
thoſe which proceed from a Point between 
the Center and the refracting Surface, are made 
to diverge ſtill more. And thoſe which con- 
verge, are made to converge more. All which | 
may eaſily be ſeen by conſidering the Situation 
of the Rays AD, CD, Sc. with Reſpect to 
the Perpendicular EF; and therefore requires i 
no farther Illuſtration, 

5 XVI. When 
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XVI. When diverging Rays are by Refrac- 
tion made to converge, the nearer their radiant 
Point is to the refracting Surface, the farther 
is their Focus from it on the other Side, and 

vice versd. : 5 

For the nearer the radiant Point is to the 
refracting Surface, the more the Rays which 
fall upon the ſame Points of it, diverge before 
Refraction, upon which Account they converge 
the leſs afterwards. _ 

XVII. When the radiant Point is at that 
# Diſtance from the Surface, at which parallel 
Rays coming through it from the other Side 
| would by Refraction be collected, then Rays 
flowing from that Point become parallel on the 
other Side, and are ſaid to have their Focus at 
an infinite Diſtance. For the Power of Re- 
fraction in the Medium is the ſame, whether 
the Ray paſſes one Way or the other. For 
Inſtance, if the parallel Rays AB, CD (Fig. 8.) 
in paſſing through the refracting Surface BD 
are brought to a Focus in G, then Rays flowing 
from G as a radiant Point will afterwards pro- 
ceed in the parallel Lines BA and DC. And 
the Point G, where the parallel Rays AB and 
CD meet after Refraction, is called the Focus 
of parallel Rays. 

XVIII. When Rays proceed from a Point 
nearer the refracting Surface than the Focus of 
arallel Rays, they continue to diverge after 
efraction, and their Focus is then an imagi- 
| 1 .. nary 
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nary one, and ſituated on the ſame Side the 
Surface with the Radiant. 
|; For in this Caſe, their Divergency being 
greater than that Which they would have, b 
they had proceeded from the Focus of parallel 
Rays, they cannot be brought to a Paralleliſm 
with one another, much leſs be made to con- 
verge, and therefore they continue to diverge, 
though in a leſs Degree than before they paſſed 
throceh the refracting Surface; upon which 
Account, they proceed after Refraction, as if 
they came from ſome Point farther diſtant from 
the refracting Surface than their AO. 


. 


Of Lenſes, and the Manner in which 
Rays are affettes i in palſ mg through 


them. 


Lens, is a Medium terminated on one Side 
| by a ſpherical Surface, on the other by a 
Surface. either plain or ſpherical. And of theſe 
there are five Sorts. The firſt, as A, (Fig. 23.) 
15 plain on one Side and convex on the other ; 
the ſecond, B, convex on both Sides; the third, 
plain on one Side and concave. on the other, as 
C; the fourth, D, concave on both Sides; the 
fifth, convex on one Side and concave on the 


other: as E, which 1s s by ſome called a Me- 
miſcus, 
The 
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The Axis of a Lens is a Line paſſing per- 
pendicularly through both its Surfaces: Thus, 
the Line FG is an Axis common to all the five. 


Lenſes are diſtinguiſhed into two general 


Kinds, convex and concave ; the firſt and ſe- 
cond Lenſes are conſidered, as convex; the 
third and fourth, as concave: the laſt, if its 
Convexity is greater than its Concavity, is look- 
ed upon, as'convex ; if on the contrary, it is 
conſidered as concave. 

A Lens is always ſuppoſed to conſiſt of a 
Medium denſer than the circumambient one, 
unleſs where the contrary is expreſſed. 

When parallel Rays fall upon the Surface 
of a convex Lens, they are refracted towards 
each other in paſſing through it, and thereby 
collected to a Focus on the other Side. 

To explain this, let us trace the Progreſs of 
a Ray as AB (Fig. 24.) through the convex 
Lens CDEH, whoſe Axis is IK. Let L be 
the Center of the firſt Convexity CDE, and M 
that of the other CHE; and let the Ray AB 
be parallel to the Axis; through B draw the 
Line LN which will be perpendicular to the 
Surface CDE at that Point. The Ray AB in 
entering the denſer Subſtance of the Zens will 
be refracted towards the Perpendicular, and 
therefore proceed after it has entered the Sur- 
face at B in ſome Direction inclined towards 


the Axis, as BP. Through M the Center of 


Convexity of this Surface and the Point P my 
HR the 
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the Line MR, which paſſing through the Cen- 
ter will be perpendicular to the Surface at P, 


and the Ray now entering a rarer Medium will 
be refracted from the Perpendicular into ſome 


Direction as PF. In like manner, and for the 
ſame Reaſons, the parallel Ray 8 T on the 
other Side the Axis, and alſo all the interme- 
diate ones as XZ, Sc. will meet it in the ſame 

Point, unleſs the Rays AB and ST enter the 
. Surface of the Lens at too great a Diſtance from 
the Axis IF, the Reaſon of which has already 
been fully explained *. | 


The Point F where the parallel Rays AB, 


SF, &c. are ſuppoſed to be collected by paſ- 
ſing through the Lens CE, is called the Focus 
of parallel Rays of that Lens. 
If the Rays converge before they enter the 
Lens, they are then collected at a Point nearer 
to the Lens than the Focus of parallel Rays. 
If they diverge before they enter the Lens, they 
are then collected in a Point beyond F; unleſs 
they proceed from a Point on the other Side at 
the ſame Diſtance with the Focus of parallel 
Rays, in which Caſe they are rendered parallel. 
If they proceed from a Point nearer than that, 
they diverge afterwards, but in a leſs Degree 
than before they enter the Lens. 
If the Lens is plain on one Side and convex 
on the other, the Rays are refracted the ſame 
Way, but in a leſs Degree, 


5 See Ob/erwation 3, in the foregoing Note. 
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If the Rays AB, ST, be ſuppoſed to pro- 
ceed from a radiant Point on one Side of the 
Lens, and be refracted into a Focus, as at F, 
on the other; then Rays proceeding from that 
focal Point, F, as from a Radiant, and ſuppoſed 
to paſs through the Lens the contrary Way, 
will be collected in that Point which was the 
Radiant in the other Caſe: and the nearer the 
Radiant Point is to the Lens, the farther is the 
Focus from it on the other Side, and vice versd. 
If the Rays AB, CD, EF, Sc. (Fig. 25.) 
be parallel to each other, but oblique to GH the 
Axis of the Lens IK, or if the diverging Rays 
CB, CF, proceed as from ſome Point C which 
is not ſituated in the Axis of the Lens, they 
will be collected into ſome Point as L, not 
directly oppoſite to the Radiant C, but nearly 
ſo: for the Ray CD which paſſes through M 


the Middle of the Lens and falls upon the Sur- 


face of it with ſome Obliquity, will itſelf ſuf- 
fer a Refraction at D and N; but then it will 


be refracted the contrary Way in one Place to 


what it is in the other, and theſe Refractions 
will be equal in Degree if the Lens has an equal 
Convexity on each Side, as we may eaſily per- 


ceive if we imagine ND to be a Ray paſſing 


out of the Lens both at N and D, for it is evi- 
dent the Line ND has an equal Inclination to 
each Surface at both its Extremities. Upon 
which Account the Difference between the Si- 
tuation of the Point L and one directly oppo- 
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ſite to C, is ſo ſmall, that it is generally neg- 
lected; and the Focus is ſuppoſed to be in that 
Line, which a Ray, that would paſs through 
the middle Point of the Lens, were it to ſuffer 
no Refraction, would proceed in. 

All which is ſufficiently clear, from what 
has been ſaid concerning the Laws of Refrac- 
tion explained in the foregoing Chapter, 

When parallel Rays fall upon a concave 
Lens, they are refracted from each other in 
paſſing through it, and thereby made to di- 


verge, proceeding as from an imaginary Focus on 


the firſt Side of the Lens. 


In 0 to comprehend this, let ABCD 
(Fig. 26.) repreſent a concave Lens, EO its 
Axis, GH the Radius of the firſt Concavity, IK 
that of the ſecond; produce HG to L, and let 
 MGbeaRayof Light entering the Lens at the 
Point G. This Ray being refracted towards 
the Perpendicular GL, will paſs on to ſome 
Point as K in the other Surface more diſtant 
from the Axis than G, and being there refrac- 
ted from the Perpendicular IK, will be diverted 
farther ſtill from the Axis, and proceed in the 
Direction KN as from ſome Point, O, on the 
firſt Side of the Lens. In like Manner other 
Rays as PQ parallel to the former, will pro- 
ceed after Refraction at both Surfaces as from 
the ſame Point O; which upon that Account 
will be the imaginary Focus a proce Rays of 
this Lens, 


If 
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If the Rays diverge before they enter the 
Lens, their imaginary Focus is then nearer the 
Lens than that of the parallel Rays. If they 
converge before they enter the Lens proceed- 
ing towards ſome diſtant Point in the Axis as 
E, they are then rendered leſs converging: if 
they converge to a Point at the ſame Diſtance 
from the Lens with the Focus of parallel Rays, 
they then go out parallel; if to a Point at a 
leſs Diſtance they remain converging, but in a 
leſs Degree than before they entered the Lens. 

When the Rays enter the Lens diverging, 
the nearer their radiant Point is to it, the nearer 
alſo is their imaginary Focus after Refraction, 
and vice verſa. 

If the Lens is plain on one Side and concave 

on the other, the Rays ſuffer a like Refraction 
in each Caſe, but in a leſs Degree. 
The Truth of what has been ſaid concerning 
the Paſſage of Rays through a concave Lens, 
is eaſily to be deduced from the Laws of Re- 
fraction delivered in the foregoing Chapter. 

But the Method of determining the exact 
focal Diſtances of Lenſes is to be had from the 
Propoſitions laid down and demonſtrated in the 
Note in the foregoing Chapter, Thus, the 
Progreſs of the Rays after their Refraction at 
the firſt Surface a; ol they enter a Lens, is 
had by one of thoſe which determines the fo. 
cal Diſtance of Rays entering a denſer Medium 
of ſuch Form: And their Progreſs after their 

D 3 
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Refraction at the other Surface where they go 


out, is had by computing what Progreſs Rays, 
moving in the Direction they are found to have 


after their Entrance at the firſt Surface, will 


acquire by being refracted at the other; which 
is to be effected by one which determines the 
focal Diſtance of Rays paſting out of a denſer 
Medium of like Form with that of the Lens*. 

When 


* Or a general Theorem may be made after the following 
Manner, to determine the Progreſs of Rays after Refraction at 


both Sides of the Lens, whatever be the Matter of it, or the 


Form wherein it is made. 3 
Thus ſuppoſe GH (Fig. 28.) to be a given Lens, and E a Point 

in its Axis from whence the diverging Rays EL, Sc. fall upon 
the Lens, AL, the Rawius of the firſt Convexity, and CK that of 
the ſecond ; let LKF be the Direction of the diverging Ray EL 
after its Refraction at the firſt Surface, and KF its Direction after 
Refraction at both. Then will F be the Focus of the Rays after 
their firſt Refraction, and F the Point they will meet in after both. 
Let BD be the Thickneſs of the Lens, and let the Proportion which 
the Sine of the Angle of Incidence bears to the Sine of the Angle 
of Refraction be expreſſed by the Ratio of I to R. Call EB, a; 
BD, :; AB, „; CD, 5; Bf, x; DF, y: Now, to find F heir 
Focus after Refraction at L where they enter the firſt Surface of 
the Leus, comes under the third Propoſition in the forementioned 
Note: According to which the Ratio compounded of x, the focal 
Diſtance ſought, to d, the Diſtance of the radiant Point; and of 
ar, the Diſtance between the ſame Point and the Center, to 
*r, the Diſtauce between the Center and the Focus, is as I to R; 
compounding theſe two Ratios therefore (that is multiplying them 
together) we have dx Kr: dx-—dr ::] : R; which Proportion 

being converted into an Equation, and duly reduced, gives æ& = 
4. | 
Id - RAR. 


| Thes having found the Diſtance B/, and conſequently the Point 
F, to wi ich the Rays converge from L, we muſt proceed to find P, 
that to which they. will converge after having paſſed through K 
where 


\ 
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When a Ray paſſes through a Medium ter- 
minated by two plain and parallel Surfaces, it 
MW 

-where they ſuffer a ſecond RefraRtion : This comes under the 


ſame Propoſition ; but, if we would uſe the ſame Letters as be- 
fore, to expreſs the Proportion which the Sine of the Angle of 


Incidence bears to that of the Angle of Refraction, they mult 
be put one for the other; becauſe, when Rays paſs out of a 


denſer into a rarer Medium, the Sine of the Angle of Inci- 
dence bears the ſame Proportion to the Sine of the Angle 


of Refraction, that the Sine of the Angle of Refraction 


does to the Sine of the Angle of Incidence, when they pats 
out of a rarer into a denſer. This being obſerved, by the 
aforeſaid Propoſition, we ſhall have the Ratio compounded of y, 


3 ©. | 3 | 
the focal Diſtance, to e e 0 the imaginary Focus of the 

. . - - | 8 23 —— Id ET g — 5 
incident Rays, and of e ee e + 5, the Diſtance between 


| the imaginary Focus and the Center, to ye, the Diſtance betaveen 
the Center and the Focus, as R to I. Which Equation, if we reduce 


8 Idr 
e mixed Quantities F 1 and 


CONC 


＋ into improper Fractions, will ſtand thus: 
„ LI HNA RT 
Ila RR YH | 
: | "RT | 3 
Id-—I4 +Rd!+Rri+145—Rd—Rvys . 4 
14. —R4 Rr * f 
And, compounding theſe Ratios, we have 


Iary— Iaty-＋ Rdiy Rriy -I RH Rr Idy—lIaty - RAe 


14a RA Rx I4— RA 
+R7ty+Idr5—Idts +Rdts +Rrts 


8 : R I. And, throwing out 
r | EY | 
the two equal Denominators I/—Rd4—R# and Id RGA Rx, 


and multiplying Extreams together and Means together, we have 


Ildry — IIaty + IRdty + IRrty + Hd —IRdy—TIRry=IRdry— 
IRaty + RRaty + RRrty + IRars — IRats + RRats + RRrts; 
IRars—IRats 


which Equation, being reduced, gives y = 


Lldr- IId 4+21Rdt+ 
I RR4d1s+RRvts | 
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is refracted one Way in going out of the ſecond, 
as much as it was the other in entering the firſt; 
and therefore proceeds afterwards not in the ſame 
Direction, but in one that is parallel to that which 
it had before. Thus if the Ray AB (Fig. 27.) 
enters the denſer Medium CDEF terminated by 
the parallel Surfaces CD and EF, it is refracted 
at B towards the Perpendicular BI, proceeding 
to a Point as G, where it is as much refracted 
from the Perpendicular GK in going out, and 
proceeds in the Direction GH, not the ſame, 
but parallel to the former ABL. 


This Theorem may be applied to all Caſes whatever, even to 
Plain Surfaces mutatis mutandis; v. g. the Radius of a concave 
Surface being negative (as lying the contrary Way) with Reſpe& 
to that of a convex, and the Radius of a plain Surface being an 
infinite Line; if we would apply this Theorem to a concave Sur. 
face, we muſt change all the Sines of thoſe Members wherein 
the Symbol expreſſing the Radius of that Surface oceurs; and, 
if to a plain Surface, all the Members which involve the Ra- 
dius muſt be conſidered as infinite Quantities; that is, all, ex- 
cept them, muſt be ſtruck out of the Equation as nothing. So, 
likewiſe, if we would have it extend to other Rays beſides 
diverging ones, the Point where converging Rays would meet 
lying on the contrary Side to that from whence the diverging 
ones were ſuppoſed to flow, its Diſtance muſt be made nega- 
tive; and, the Diſtance where parallel Rays meet being infinite, 
it is only changing the Sines of all thoſe Members in which 4 
is found, if the Rays are ſuppoſed cor verging, or making thoſe 
Members infinite, in Caſe the Rays are ſuppoſed parallel; 
which is done by ſtriking out all the reſt, as bearing no Pro- 
portion to them. N | 1 1 
See the Method of reducing this Equation to fewer Terms, 
where it is alſo illuſtrated with divers Inſtances, in Dr. Brown's 
Appendix to Gregory s Optics, or in Dr. Halley's Method of find- 
ing the principal Focus of Optic Glaſſes univerſally, Philoſoph. 
Tranſact. No 205. 55 e 
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. 
Of the Eye. 


H E Form of the Eye is ſuch as is repre- 

ſented in Figure 29, and would be a 
perfect Sphere, were not the fore Part AA 
ſomewhat more protuberant than the reſt. 

The Deſcription of it, ſo far as is neceſſary 
to explain the Nature of Viſion, is as follows: 
| It is incloſed in three diſtinct Coats or, Tegu- 
| ments; the outermoſt of which, viz. aa, is 
called Tunica Sclerotica; the next, cc, Cbo- 

rozeds, or Uvea; the third and innermoſt, d d, 


| - derives its Name from that of its Diſcoverer, and 


is called Tunica Ruyſchiana. 
Theſe Coats are contiguous to each other 


every where, except on the fore Part of the 


Eye. 
That Portion of the Sclerotica which lies 
between A and A is more protuberant than 
the reſt, is tranſparent, and has the Name of 
Tunica Cornea. | 

That Portion of the CHoroi des which 3 is 7 POP 
ted between 5 and + i is called the Lis, and is 
that which by its Colour denominates an Eye 
black, grey, &c. In the Middle of this there 
Is a round Hole as pp, called the Pupil. 

The Iris conſiſts of two Kinds of muſcular 


Fibres; the firſt lie extended from its Extre- 


po mity 
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mity like the Radii of a Circle, and point to- 
wards the Middle of the Pupil as towards a 
Center: the other are circular ones and ſur- 
round the Pupil, having the Middle of it for 

their common Center. Theſe are connected 
to the former where they croſs them: and 
therefore when theſe contract, the Pupil is di- 
miniſhed ; when the other, it is inlarged. 

Within the Cavity of the Eye, and not far 
behind the Pupil, there is a foft tranſparent 
Subſtance CC, not unlike a double convex 
Lens, one of whole Surfaces as 8, is more con- 
vex than the other. This is called the Cry- 
ſtalline Humour, and is ſuſpended within the 
Eye by certain Ligaments, as Ci, Ci, called 
Ligamenta Ciliaria, or Progeſſus Ciliares : 
theſe are convex towards the Pupil, as expreſſed 
in the Figure, and concave on the other Side, 
and are muſcular, and therefore capable of 
Contraction and Dilatation. The convex Sides 
of theſe Ligaments are lined with a very black 
Subſtance, as is alſo that Side of the 11 which 
is next them. 

The Tunica Ruyſchiana leaves the Choroides 
at /, and, paſſing behind the Ligamenta Ciliaria 
and the Cryſtalline Humour, is contiguous to 
them, and joins the Choroides again at /, on the 
other Side the Pupil. 

By means of the forementioned Parts, the 
Cavity of the Eye is divided into two Portions; 
the one of which VV is filled with a Fluid 
nearly of the fame Denſity with Water, and 


3 i 
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is therefore called Humor Agueus; the other 
T T' contains a Fluid whoſe Confiſtency is 
oreater than that of the former, and is called 
Humor Vitreus : And both theſe Humours are 
rarer than the Subſtance of the Cryſtalline. 

At the back Part of each Eye, but not di- 
rely oppoſite to the Pupil, there enters a 


Nerve as NN, which is called the Optic 


Nerve. | 
The Fibres of this Nerve, after their En- 
trance into the Eye at N, ſpread themſelves 
over the innermoſt Coat of it as far as the Liga- 
menta Ciliaria, and form a very thin Mem- 
brane, called Tunica Retina. 5 
The innermoſt Coat of the Eye is every 
where covered (except that Part of it which 
is contiguous to the back Part of the Cryſtal- 
line Humour) with a very black Subſtance, 
not unlike that with which the back Part of 
the Iris and fore Part of the Ligamenta Ciliaria 
were obſerved to be covered. This is to hinder 
any Light from being reflected from thoſe Parts 
to the Retina; for that would render the Ima- 
ges of Objects indiſtinct; as we ſhall ſee when 
we have explained the Nature of Viſion, which 
is the Subject of the next Chapter. 
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Ar . 
Of the Nature of Viſion. 


Uch is the Subſtance and Form of the Hu- 
mours of the Eye, when lodged in their 
proper Receptacles, that Rays of Light in paſ- 
ſing through them are affected in the like Man- 
ner as in paſſing through a convex Lens, as we 
ſhall ſee immediately: and therefore, to under- 
ſtand the Nature of Viſion, which depends on 
the Paſſage of Rays flowing from the ſeveral 
Points of a diſtant Object through thoſe Hu- 
mours, little more is required than to know 
how the ſame Rays would be affected, were 
they ſuppoſed to paſs through a convex Lens : 
Which may eaſily be done by applying to this 
Caſe what has been delivered in the fourth 
Chapter concerning the Manner in which 
Rays flowing from a fimgle Point are affected 
in paſſing through Lenſes of that Kind. 
We have already ſeen, 'in the abovemention- 
ed Chapter, that Rays flowing from a /ingle 
radiant Point, and afterwards falling on a con- 
vex Lens, are collected to a Focus in ſome 
Point oppoſite, or nearly ſo, to the radiant. 
Let us now ſuppoſe an Object placed before 
a Lens, but farther from it than the focal Di- 
ſtance of its parallel Raus! and let it ſend forth 


Rays 
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Rays from each Point of its Surface in every 
Direction, as from ſo many radiant Points. 
Some of the Rays which flow from each Point 
of that Surface of the Object which is turned 
towards the Lens will neceſſarily fall upon it, 
and, paſſing through it, will be collected in fo 
many diſtin focal Points on the oppoſite Side, 
as there are diſtinct radiant Points in the Surface 
of the Object from whence they came. Now, 
as the radiant Points are contiguous to each 
other in the Surface of the Object on one Side 
of the Lens, the focal Points will alſo be con- 
tiguous on the other; and as each focal Point 
is oppoſite to its reſpective radiant, their Places 
will have the ſame Relation to cach other, that 
| thoſe of the radiant have; and, conſequently 
theſe Points, taken together, will be a true Re- 
preſentation and perfect Image of that Object; 
for each Point will exhibit the ſame Colour 
that its correſpondent Point in the Object is of: 
But, becauſe each Point in the Repreſentation is 
oppoſite to its reſpective one in the Object, 
the Image will be inverted. The Truth of 
this may eaſily be experienced, if we hold a 
clean white Paper facing the Lens in the Place 
Where the focal Points are, and take Care to 
prevent all other Light from falling upon the 
Paper, except that which paſſes through the 
Lens*, | 1 
8 To 

* On this depends the Structure of the Obfeura Camera, 
Which is a Contrivance to exhibit the Repreſentation of ſuch 


Objects 
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To illuſtrate this, let PQR (Fig. 30.) re- 
preſent an Object placed before the Lens AB, 
and ſending forth Rays from each Point in its 
Surface; and let 4 be the focal Diſtance of 
Rays proceeding from Q and paſſing through 
the ſaid Lens. Then will all the Rays that 
proceed from the Point Q, between the Lines 
QA and QB, be collected in 9; in like Man- 
ner all that flow from P, between the Lines 
PA and PB, will meet in the oppoſite Point 
5; and fo many as proceed from R, and paſs 
through the Lens, will be collected in ; and 
all the Rays that low from the remaining 
Points between P and R and fall upon the 
Lens, will be collected in as many Points be- 
tween p and 7; and, if the Rays are received 
there upon a white Surface, there will be 


exhibited an Image of the Object PR, but 
Inverted; becauſe the Rays PLp and RL 


Objects as may be ſeen from a Window upon ſome plain white 
Surface held before the Window within the Room. In order 
to do this, a common Spectacle Glaſs or Burning Glaſs (both 
which are convex Lenſes) muſt be fixed in an Hole in the Win- 
dow ſhutter; for then, if no Light be ſuffered to enter into the 
Room, but what paſſes through the Hole, and a Sheet of white 
Paper be held oppoſite to the Hole at that Diſtance where the 
Rays proceeding from the Objects abroad, and paſſing through 
the Glaſs, are collected into their reſpective Foci, we ſhall have 
the Images of all the Objects which lie before the Hole repre- 
ſented upon the Paper, inverted; but in a much more lively 
and exact Manner than can be done by the Pencil; and not 
oaly the Objects and their reſpective Situations, but, what is 
peculiar to this Sort of Painting, their Motions will alſo be ex- 
preſſed. | 
cCroſs 
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croſs each other at L in paſling through the 
Lens X. Es 
_ Thoſe Rays which flow from the ſame 
Point of an Object, when conſidered together, 
are called a Cone or Pencil of Rays. Thus the 
Rays QA, QL, Sc. conſtitute a Pencil flow- 
ing from the Point Q; ſo the Rays PA, PL, 
&c. a Pencil from' the Point P; and the mid- 
dle Ray of each Pencil, as PL, QE, Cc. is 
called the Axis of that Pencil, to which it be- 
longs. | 

Now in like Manner as the ſeveral Pencils 
of Rays flowing from the diſtinct Points in the 
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Surface of an Object placed before a Lens, are W 
collected in ſo many Points at a certain Diſ- 8 ij 
tance on the other Side of the Lens, and form 100 


. 
— — 
— — 


an Image there when received upon a white | 
Paper; ſo Pencils proceeding from an Object 1 


placed before the Eye at a proper Diſtance Whit. : 
from it, and being refracted in paſſing through _ 1 
the Humours of it, are collected into their "al 


reſpective Foc: upon the Retina, where they 
form a Repreſentation of that Obje& ; and by 
their Impulſes upon the tender Nerves of the 
Retina, an Idea of the Object is excited in the 
Mind. 


* A burning Glaſs is no other than a Piece of Glaſs ground 
into the Form of a convex Lens; for if the Rays of the Sun are 
permitted to paſs through ſuch an one, they will burn very 
ſtrongly in the Place where they are collected into their reſpec- 
tive Foci; upon which Account it is, that the Point where Rays 
in general are collected, is called their Focus, that is, their Place 


af Burning. | | Th 
S 
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The Progreſs of the Rays through the Hu- 
mours of the Eye, are expreſſed in the 31ſt 
Figure: where FG? is the Eye, FG the Tu- 
nica Cornea, þþ the Pupil, AA the aqueous 
Humour, HH the chryſtalline, and VV the vi- 
treous. And RS repreſents an Object placed 
before it, emitting Pencils of Rays from its ſe- 
veral Points R, S, T, &c. The Rays which 
conſtitute the Pencil GTF, in entering the aque- 
ous Humour, pais out of a rarer into a denſer 
Medium through a convex Surface, in which 
Caſe diverging Rays are made to diverge leſs, to 
become parallel or to converge (Chap. 3. Prop. 
7.); in entering the chryſtalline they do the like; 
and in paſſing out of that, they proceed out of 
a denſer into a rarer Medium, through a con- 
vex Surface of the denſer, which alſo has the 
fame Effect (Chap. 3. Prop. 15.). By which 
Means they are made to converge, as deſcribed 
in the Figure, and to meet together in a Focus 
at 7, a Point in the Retina. In like Manner 
the Rays flowing from R, and conſtituting the 
Pencil GRF, will proceed as deſcribed in the 
Figure, and after Refraction meet in 7; and 
the Rays proceeding from S will be collected 
ins, Sc. by which Means an Image of the Ob- 
ject will be formed in 77s upon the Retina, but 
becauſe the Pencils croſs each other in paſting 


through the Pupil, it will be inverted*. 
25 The 


* Of this we have experimental Proof: For if we cut away the 
back Part of an Eye, and apply a Paper there, we ſhall ſee the 


Images 
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The leſs the Diſtance between the Object and 
the Eye is, the more the Rays which come 


from the Object, are ſaid to diverge, and & con- 


tra: Not that the Situation of the Eye makes 
any Alteration in the Progreſs of thoſe Rays, 
but that, when the Eye is placed nearer the 
Object, it receives into its Pupil Rays which 
diverge in a greater Degree than thoſe which 
It can receive when placed farther off. The 
following Illuſtration will make this clear: Let 
AB (Fig. 32.) repreſent an Object emitting 
Rays from each Point of- its Surface, and let 
Ca, Cr, &c. expreſs thoſe which flow from 
the Point C: let m be a Pupil of an Eye placed 
at the Diſtance Cy from it; tis plain this Pu- 
pil will receive into it the diver ging Rays Cr, 
Cs; whereas the Rays Co, Ct will diverge 
the moſt of any that can enter the ſame Pupil, 
when placed at the Diſtance Cz; but theſe 
diverge leſs than the former, the Angie Ct 
being included in the Angle 7Cs. 


Images of external Objects placed thereon, as accurately as in 
the Olſcura Camera, provided no Light is permitted to fall upon 
the Paper, except that which paſſes through the e of 
the ye. 

Optic Writers have made it Matter of great Difficulty to de- 
termine the Point where the Axis of the Pencils which enter the 
Eye, croſs each other; ſome placing it in the Center of the Eye, 
others in the Vertex of the chryſtalline Humour, others in that 
of the Tunica Cornea: But as the Rays of each Pencil fill the 
Pupil, or as the Pupil itſelf is a common Baſe to each Pencil, it 
is inconceivable how the Axis of thoſe Pencils ſnould croſs cach 
other in any other Place than the Center of the Pupil. Ses 
Figure 31, or any other where ſeveral Pencils are repreſented, 
as paſſing through tne Pupil of an Eye. 

Wiſion 


5 
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Viſion is diſtinguiſhed into bright and obſcure 3 
diſtinct and confuſed. | 
It is ſaid to be bright, when a ſufficient Num- 
ber of Rays enter the Pupil at the ſame Time; 
obſcure, when too few. It is diſtinct, when 
each Pencil of Rays is collected into a Focus ex- 
actly upon the Retina; confuſed, when they 
meet before they come at it, or when they 
would paſs it before they meet ; for in either 
of theſe laſt Caſes, the Rays flowing from dif- 
ferent Points of the Object, will tall upon the 
ſame Part of the Retina, which muſt neceſſa- 
rily render the Image confuſed and indiſtinct. 
Now that Objects may appear with a due 
Brightneſs, whether more or fewer Rays pro- 
ceed from them, we have a Power of contrac- 
ting, or dilating the Pupil by means of the muſ- 
cular Fibres of the Iris (as explained in the 
foregoing Chapter), in order to take in more 
or fewer Rays as Occaſion requires. But this 
Power has its Limits“. | 
And that the Rays may be collected into 
Points exactly upon the Retina, that is, that 
Objects may appear diſinòt, whether they be 
nearer or farther off, that is, whether the Rays 
proceeding from them diverge more or leſs, we 
have a Power of contracting or relaxing the 
Lane Ciliaria, and thereby altering the 


* In fat Animals, this Power is much greater than in others; 
gp in ſuch as are obliged to make Uſe of their Eyes by 
88 as well as by Day, as in Cats, Sc. 
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Form of the chryſtalline Humour, and with 
that the focal Diſtance of the Rays. Thus, 
when the Obje& we view is far off, and the 
Rays fall upon the Pupil with a very ſmall De- 
gree of Divergency, we contract the Ligamen- 
ta Ciliaria, which being concave towards the 
vitreous Humour, do thereby compreſs it more 
than otherwiſe they would do; by this Means 
it is made to preſs harder upon the back Side 
of the chryſtalline Humour, which is thereby 
rendered flatter; and fo the Rays proceed far- 
ther before they meet in a Focus than other- 
wiſe they would have done. Add to this, that 
we dilate the Pupils of our Eyes (unleſs in 
Caſes where the Light is ſo ſtrong that it offends 
the Eye) and thereby admit Rays into them, 
that are more diverging than thoſe which would 
otherwiſe enter. And when the Rays come 
from an Object that is very near, and therefore 
diverge too much to be collected into their re- 
ſpective Foci upon the Retina, by relaxing the 
Ligamenta Ciliaria we give the Chryſtalline a 
more convex Form, by which means the Rays 
are made to ſuffer a proportionably greater De- 
gree of Refraction in pafſing through it *. 

* Some Philoſophers are of Opinion, that we do this by a 
Power of altering the Form of the Eye; and others, by remov- 
ing the Chryſtalline forwards or backwards as Occaſion requires; 

but neither of theſe Opinions is probable, for the Coats of the 

Eye are too hard, eſpecially in ſome Animals, for the firſt; and 

as to moving the Chryſtalline out of its Place, the Cavities of 


the Eye ſeem to be too well filled with the other Humours to 
admit of ſuch Removal, 


And 
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And beſides this, by contracting the Pupils of 


our Eyes, we exclude the more diverging 
Rays, and admit only ſuch as are more eafily 
refracted into their reſpective Foc: x. But 
Viſion is not diſtinct at all Diſtances, for our 
Power of contracting and relaxing the Liga- 
menta Ciliariaà is alſo circumſcribed within cer- 
tain Limits, 
The nearer an Object is placed to the Eye, 
the greater is the Image of it upon the Retina. 
Becauſe the Pencils flowing from the extreme 
Parts of the Object when near, make a larger 
Angle with each other in the Pupil where they 
croſs, than the ſame Pencils do when the Ob- 
ject is placed farther off. Thus AB (Hg. 33.) 
the Image of the Object CD, far exceeds EF 
that of the ſame Object GH, placed at a greater 
Diſtance from the Eye, as 1s evident from In- 
ſpection of the Figure. TR 
In thoſe Eyes where the Tunica Cornea is 
very protuberant and convex, the Rays of 
Light ſuffer a very conſiderable Refraction at 
their Entrance into the aqueous Humour, and 
are therefore collected to a Focus before they 
fall upon the Retina, unleſs the Object be pla- 
ced very near, fo that the Rays which enter 
the Eyc, may have a confiderable Degree of 
Divergency. People that have ſuch Eyes, are 


* Accordingly it is obſervable, that if we make a ſmall Hole 
with the Point of a Needle through a Piece of Paper, and apply 
that Hole cloſe to the Eye, making Uſe of it, as it were, inſtead 
of a Pupil, we thall be able to ſee an Object diſtinctly through 
it, though the Object be placed within half an Inch of the Eye, 


ſaid 
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ſaid to be purblind. Now the nearer an Ob- 
ject is placed to the Eye, the greater is the 
Image of it therein, as explained above; theſe 
People therefore can ſee much ſmaller Objects 
than others, as ſeeing much nearer ones with 
the ſame Diſtinctneſs. And their Sight con- 
tinues good lonyer than that of other People, 
becauſe the Tunica Cornea of their Eyes, as 
they grow old, becomes plainer, for Want of 
that Redundancy of Humours with which they 
were lied dee. | 

On the contrary, old Men having the Cor- 
nea of their Eyes too flat for want of a ſuffici- 
ent Quantity of the aqueous Humour to All 
them out, if the Rays diverge too much before 
they enter the Eye, they cannot be brought 
to a Focus before they reach the Retina; on 
which Account thoſe People cannot ſee di- 
ſtinctly, unleſs the Object be ſituated at a 
greater Diſtance from the Eye, than is required 
for thoſe whoſe Eyes are of a due Form. 

Since the Images of the Objects we look at 
are inverted in the Eye; it may be thought the 
Objects themſelves ought to appear ſo; but it 
mult be conſidered, that there is no natural 
Connection between the Idea in our Mind, and 
the Image upon the Retina ; we find by Ex- 
perience, that when ſuch an deg is excited in 
our Mind, ſuch an Object ſtands before us in 
ſuch a Poſition and of ſuch a Form; whenever 
therefore the like Idea is excited again, we 

E con 
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conclude there is a like Cauſe of it. For it is 
found by Obſervation, that People who have 
been born blind, and have afterwards received 
their Sight, have had no Information from 
their Eyes at firſt, concerning the particular Si- 
tuation or Form of Bodies ; ; but have been ob- 
liged to ſtay till Experience has taught them 
what Figures and Situation of Bodies correſpond 
to ſuch and ſuch Senſations in the Mind k. 

In like Manner it is from Experience that 
an Object appears ſingle, though there be an 
Image of it in each Eye: for after we find, 
that its Place, according to the Repreſentation 
of it in each Eye, is the fame, we neceflarily 
conceive it to be but one. The Manner how 
we come to find this, ſeems to be as follows: 
There is one Part of the Retina upon which 
when the Image falls, the Object appears 
brighter and more diſtin, than when it falls 

upon any other, as is evident, becauſe we al- 
Ways fee one Part of an Object with greater 
Diſtinctneſs than any of the reſt. This Point 
I ſhall hereafter call the Point of diſtinct Vi- 
fron. Tbis naturally leads us to turn our Eyes 
ſo, that the Object may be ſituated directly 

oppoſite to this Point. And this Action of 
ours is that which has given Riſe to thoſe ima- 
ginary Lines, which are ſuppoſed to paſs di- 


See Mr. Cheſelier s Obſervations on a young Gentleman 


| couched by him at the Age of 13 Years. Philoſoph. Tranſact. 
No 402. 


rectly 
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rectly through the Eye and to terminate in the 
Object we view, and are commonly called the 
optic Axes, We therefore turn our Eyes fo that 
the Object may appear in thoſe Lines. There- 
fore, ſince theſe Lines concur at the Object, when 
we endeavour to view it with Diſtinctneſs, each 
Eye affords us an Id of the Object in the ſame 
Place, from whence it neceſſarily appears but 
one K*. 


When 


There are other Methods of accounting for theſe two laſt 
Phenomena, ſome of which, perhaps, the Reader may think 
more plauſible ; for the Connection between the Image on the 
Retina and the Idea in the Mind being purely metaphy/fical, we W 
can never hope to arrive at Certainty in this Matter. 

Some are of Opinion, that we judge thofe Rays which paint 
the uppermoſt Part of the Image in the Eye to proceed from the 
lowermoſt Part of the Object, becauſe they ſtrike upon the Re- 
tina, as coming from that Part; and that we conclude from hence 
that the Object is erect, though the Image be inverted ; as if the 
Direction, wherewith the Rays ſtrike the Retina, informed the 
Mind which Way they came. This Solution ſerves alſo to expli- 
cate the Phenomenon of ſeeing but one Object with both Eyes; 
for as the Mind is informed, by the Direction with which the 
Rays ſtrike the Retina, of the Place from whence they come; 
therefore when it appears that they enter each Eye as from the 
ſame Place, the Object neceſſarily ſeems to be but one; becauſe 
we can't ſuppoſe two to exiſt in the ſame Place at the ſame Time. 
Some have been ſo abſurd as to embrace an Opinion, the firſt 
Author of which was Gafſendus, that we ſee one and the ſame 
Point of an Object only with one Eye at a Time; (otiante alio. 
as they expreſs it) while the other does nothing. Vid. Gaſendi 
Epiſtol. de Magnitud. Solis ; of Tacquet. Optic. Lib. I. Prop. 2. 

Some imagining that the Opric Nerves conſiſt of a Bundle of 
ſmall ones wrapped up in one common Tegument, are of Opi- 
nion, that ſuch as lie upon the Retina at equal Diſtances from 
the Point of diſtin& Viſion, and on the ſame Side of it in each 
Eye, are connected together in one, before they termindte in the | 
Brain; and fo, whether one * both are affected; only ons jos 
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Whenever the Eyes are ſo ſituated with re- 
ſpect to an Object, that the ſame Part of the 
Retina in each Eye is affected by the Rays 


that flow from it, which. is wont to be af- 


fected when two Objects are placed” before 
the Eyes, the Mind, receiving no Information 
from without, but by the Impulſes of the 
Rays upon the Retina, judges that there are 
two Objects. Thus, let A, B (Fig. 34.) repre- 
ſent- two Eyes whoſe optic Axes are directed to 

the Point C, and let E be an Object on one 
Side the Point C; and F an Object on the other. 
Now, Objects thus ſituated muſt appear ſepa- 
rate: otherwiſe, every Time we viewed an Ob- 


ject we muſt imagine all the different Points 


in its Surface to be but one, which is con- 
trary to Experience. In this Caſe, the Point 


4 in each Eye will be affected by the Rays 


which flow from thoſe Objects; but ſo it 
will, if a ſingle Object be placed at D; and 
therefore, for the Reaſon given above, an Ob- 
ject in that Situation ſhall appear as the two 


ſeparate ones E and F, that is, double. A- 


is excited in the Mind. Grave/and confirms this Opinion, by aſ- 


ſerting that, in all Animals which look at the ſame Object with- 


both Eyes, the optic Nerves concur, before they enter the Brain; 
and that, in ſuch as look at one Object with one Eye, and at 
a different one with the other, they are ſeparate all the Way. 
Others, with Briggius (ſee his Opthalnog. Chap. 11.) do not 
contend, that the forementioned correiponding Parts of the optic 
Nerves are eonnected before they terminate in the Brain; but 


that they are of an equal Tenſion, and therefore excite the fame 
Senſ; ation en the Mind, 


| . 3 gain, 
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gain, let there be an Object placed without the 


optic Axes, as at G, Rays flowing from this will 


affect the ſame Part in each Eye, as if there 
were two diſtinct Objects, viz. one at E, and 
the other at H; this therefore will alſo ap- 
pear double. Farther, as the Objects D and 
G are ſituated in this Figure, if both are at- 
tended to at the ſame Time (the pie Axes 
being ſtill directed to the ſame Point C) they 
will appear as three, being ſituated oppoſite 
to the three Points F, E, and H. And what has 
been ſaid of the Appearance of the Objects 
D and G, as they are fituated in this Figure, 
may be applied to their Appearance as they 
are placed in the next, where they are repre- 
ſented as being beyond the Line HF. 80 that 
wherever an Object is placed, provided it be 
nearer to the Eyes than the Point where the 


optic Axes concur, or farther from them, it » of | 


pears double. 


There is one Part of the Retina of each Eye, 


upon which when the Image falls, the Object 
cannot be ſeen at all with that Eye; the Proof 


4 


of this we have from the following Experiment. 


Fix two Objects upon a Wall, of ſuch Bigneſs 
that each may hide a ſquare Inch of it, or 


thereabouts, and at the Diſtance of bout a 


Foot or two from each other, and go back from 


the Wall about three Times that Diſtance; then 
ſhutting the left Eye, look at the leſt Object 


with the right one, and while the right Eye 5 


in that Poſition, the right Object will not be 
E 3 lecn, 
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ſeen. So, if in that Station we look at the right 
Object with only the left Eye, the left Object 
will diſappear. The Reaſon of this is ſuppoſed 
to be, that the Image of that Object which 
diſappears falls upon the Blood-veſlels of the 
optic Nerve, from which no Senſation is con- 
veyed to the Brain. 

The Angle comprehended between the Rays 
which flow from the extreme Parts of the Ob- 
ject, and croſs in the Pupil, is called the cplie 
Angle. 

"Tis by means of this Angle that we are able 
to form ſome Judgment of the Magnitude of 
an Object; becauſe, the larger this is, the larger 
is the Image upon the Retina, that is, a greater 
Portion of it is affected by the Rays which flow 
from that Object. But this is not ſufficient 
alone, becauſe different Objects at different 
Diſtances from the Eye, may ſubtend equal 
Angles at the Pupil. We ought therefore to 
knoy alſo the Diſtance of the Object. 

This, if the Object be very near, we are 
able to form a tolerable. Judgment of, by the 
Degree of Divergency, wherein the Rays 
which flow from the ſame Point of the Object 
enter the Eye; becauſe we find it neceſſary to 
adapt the. Eye accordingly, in order to Nea 
them to a Focus upon the Retina. 
But, when the Object is at a greater! Diſtance 

from us, a conſiderable Variation in the Di- 

ſtance of it makes but a very ſmall one in the 


Fo Diver- 
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Divergency of thoſe Rays, and therefore this 
Rule of judging ceaſes to be of Uſe. The only 
Expedient then is the Angle comprehended 
between the optic Axes at the Object to which 
they are directed, or, which is the ſame Thing, 
the Poſition of the Eyes with reſpect to each 
other when they view the Object®. But in very 
large Diſtances this Poſition varies ſo little, that 
it is alſo of no Uſe; in which Caſe, we make 
the beſt Judgment we can from the Brightneſs, 
Diſtinctneſs, and apparent Magnitude of the 
Object, and likewiſe from its Situation with re- 
ſpect to others which are interpoſed . 

When we are unable to judge Aeby con- 
cerning the Diſtance of an Object, we conceive 
it greater, the farther we imagine it to be from 
us, and vice verſd; becauſe it requires a lar- 
ger Object to exhibit the ſame Image upon 
the Retina, when it is ſituated at a great Di- 
ſtance, than when near. Thus we imagine the 
Sun and Moon to be farther off, when they 
are in the Horizon, than when they are near 
the Meridian, and accordingly think them 


That the Poſition of the opzic Axes is a Means whereby we 
judge of Diſtances, is evident from hence, vix. that they who 
have loſt the Sight of one Eye, find it much more difficult to 
eſtimate the Diſtances of Objects, than they did, when they had 
the Uſe of both. 

+ We have a remarkable Inſtance of the Error of our Judg- 
ment concerning the Diſtances of very remote Bodies, in that 
we look upon the Sun, Moon, and Stars to be all at the ſame 
Diſtance, whereas ſome of them are a thouſand Times farther 
from us than others, 


E 4 . pro- 
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proportionably larger in one Situation than in 
the other, though they are found to exhibit the 
fame Image upon the Retina in both Caſes &. 
We are never able to ſee very diſtant Objects 
with Diſtinctneſs; this is not ſolely owing to 
the Pupil's not receiying into it a ſufficient Num- 
ber of Rays for that Purpoſe, or becauſe they 
are not cellected into Foci upon the Retina, 
but becauſe the Object being very far off, the 
Rays which flow from Points of the Object 
that are contiguous fall too near each other up- 
on the Retina to excite diſtinct Senſations in 
the Mind, ſo that che Idea of the Whole 1 is 


confuſed. 


CHAP. VII. 


Of the Appearance of Objects ſeen 
forages Media of 4 e Forms. 


Hat hat we mal ſay upon the Subject 
of this Chapter may more readily be un- 
derſtood, we ſhall premiſe the five following 
Particulars, which are all compriſed i in the fore- 
going Chapter,or follow immediately from what 
| has been there laid down, viz. 
1. That, as each Point of an Object, when 
viewed by the naked Eye, appears in its pro- 


* See the Dittration on the Horixontal Moon, annexed to 
this Fart. : 
per 
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per Place, and as that Place is always to be 
found in the Line in which the Axis of a Pen- 
cil of Rays flowing from it enters the Eye, we 
from hence acquire an Habit of judging the 
Point to be fituated in that Line; and, becauſe 
the Mind is unacquainted with what Refrac- 
tions the Rays ſuffer before they enter the Eye, 
therefore, in Caſes where they are diverted 
from their natural Courſe by paſſing through 
any Medium, it judges the Point to be in that 
Line produced back in which the Axis of a 
Pencil of Rays flowing from it is fituated the 
Inſtant they enter the Eye, and not in that it 


of an Object, when ſeen through a refracting 
Medium to be ſomewhere in that Line produ- 
ced back in which the Axis of a Pencil of Rays 


flowing from it proceeds aſter they have paſſed 
through the Medium. 


Degree of Divergency, wherein the Rays flow- 


Pupil of the Eye, in Caſes where that Diver- 

ency is conſiderable ; but becauſe in what fol- 
25 it will be neceſſary to ſuppoſe an Object, 
when ſeen through a Medium whereby its ap- 
parent Diſtance 1s altered, to appear in ſome 
determinate Situation ; in thoſe Caſes where 
the Divergency of the Rays at their Entrance 


was in before Refraction. We ſhall therefore 
in what follows, ſuppoſe the apparent Place 


2. That we are able to judge, though im- 
perfectly, of the Diſtance of an Object by the 


ing from the ſame Point of the Object enter the 


into 
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into the Eye is conſiderable, we will ſuppoſe 
the Object to appear where thoſe Lines which 
they deſcribe in entering, if produced back, would 
croſs each other; though it muſt not be aſſert- 
ed that this is the preciſe Diſtance; becauſe the 
Brightneſs, Diſtinctneſs, and apparent Magni- 
tude of the Object, on which its apparent Di- 
{tance in ſome meaſure depends, will alſo ſuffer 
an Alteration by the Refraction of the Rays in 
paſſing through that Medium. 

3. That we eſtimate the Magnitude of an 
Bo ect by that of the optic Angle. 

. That, Viſion is the Fares the greater 
the Number of Rays is which enter the Pupil. 
And, 

5. That, in ſome Caſes, the apparent Bright. 
neſs, Diſtin&neſs, and Magnitude of an Object 
are the only Means whereby our Judgment is 
determined in eſtimating the Diſtance of it. 
Prop. I. An Object placed within a Medium 
terminated by a plain. Surface on that Side 
which is next the Eye, if the Medium be den- 
ſer than that in which the Eye is (as we ſhall 
always ſuppoſe it to be, unlef 
trary is expreſſed) appears nearer to the Surface 
of the Medium than it is. 
Thus, if A be a Point of an Object placed 
within the Medium BCDE (Fig. 36.), and Ab, 
Ac be two Rays proceeding from thence, theſe 
Rays paſſing out of a denſer into a rarer Me- 
dium, will be refracted from their reſpective 


Per- 


where the con- 
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Perpendiculars bd, ce, and will enter the Eye 
at H, ſuppoſe in the Directions , cg, let then 

theſe Lines be produced back till they meet in 
F; this will be the apparent Place of the Point 


. >, 


A; and becauſe the refracted Rays bf, cg will 
diverge more than the incident ones Ab, Ac 
(Chap. III. Prop. 3.), it will be nearer to the 
Points þ and c, than the Point A; and as the 
ſame is true of each Point in the Object, the 
Whole will appear to an Eye at H, nearer to 
the Surface BC than it is *. „ 

Prop. II. 


* From hence it is, that when one End of a ſtrait Stick is 
ut under Water, and the Stick is held in an oblique Poſition, 
it appears bent at the Surface of the Water; vi. becauſe each 
Point that is under Water appears nearer the Surface, and con- 
fequently higher than it is. l 
From hence likewiſe it is, that an Object at the Bottom of a 
Veſſel may be ſeen when the Veſſel is filled with Water, though 
it be ſo placed with Reſpect to the Eye, that it cannot be ſeen 
when the Veſſel is empty. To explain this; let ABCD (Fig. 37.) 
repreſent a Veſſel, and let E be an Object lying at the Bottom of 
it. This Object, when the Veſſel is empty, will not be ſeen by an 
Eye at F, becauſe HB the upper Part of the Veſſel will obſtruct 
the Ray EH; but when it is filled with Water to the Height 
GH, the Ray EK being refracted at the Surface of the Water into 
the Line KF, the Eye at F ſhall ſee the Object by means of that. 
In like Manner, an Object ſituated in the Horizon appears 
above its true Place, upon Account of the Refraction of the 
Rays which proceed from it in their Paſſage through the Aumo- 
/phere of the Earth. For firſt, if the Object be ſituated beyond 
the Limits of the Atmoſphere, its Rays in entering it will be re- 
fracted towards the Perpendicular, that is, towards a Line 
drawn from the Point where they enter, to the Center of the 
Earth which is the Center of the Atmoſphere, and as they paſs 
on they will be continually refracted the ſame Way, becauſe 
they are all along entering a denſer Part, the Center of whoſe 
Convexity is ſtill the ſame Point; upon which Account the Line 


they deſcribe will be a Curve bending downwards; and there- 


fore 
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Prop. II. An Object ſeen through a Medium 
terminated by plain and parallel Surfaces, ap- 
pears nearer, brighter, and larger, than with 
the naked Eye. 3 

For Inſtance, let AB (Fig. 38.) be the Ob- 
jet, CDEF the Medium, and GH the Pupil 
of an Eye, which 1s here drawn large to pre- 
vent Confuſion in the Figure. And 1it let RK, 
RL be two Rays proceeding from the Point R, 
and entering the denſer Medium at K and L; 
| thefe Rays will here by Refraction be made to 
diverge leſs (Chap. III. Prop. 2.) and to pro- 


fore none of the Rays that come from that Object can enter an 
\ Eye upon the Surface of the Earth, except what enter the At- 
arzſphere higher than they need to do, if they could come in a 
Tight Line from the Object; conſequently the Object muſt ap- 
pear above its proper Place. Secondly, If the Object be placed 
within the Atmoſphere, the Caſe is ſtill the ſame; for the Rays 
which flow from it muſt continually enter a denſer Medium whoſe 
Center is below the Eye, and therefore being refracted towards 
the Center, that is, downwards az before, thoſe which enter the 
Eye muſt neceſſarily proceed as from ſome Point above the Ob- 
jet, wherefore the Object will appear above its proper Place. 
From hence it 1s, that the Sun, Moon, and Stars appear 
above the Horizon, when they are juſt below it, and higher than 
they ought to do, when they are above it: Likewiſe diſtant 
Hills, Trees, &c. ſeem to be higher than they are. 
Farther, the lower theſe Objects are in the Horizon, the greater 
is the Obliquity with which the Rays which flow from them, 
enter the Atmoſphere, or paſs from the rarer into the denſer Parts 
of it, and therefore they appear to be the more elevated by Re- 
fraction; upon which Account the lower Parts of them are ap- 
parenily more elevated than the other. This makes their upper 
and under Parts ſeem nearer together than they ought to do, as 
is evident in the Sun and Moon, which appear of an oval Form 
when they are in the Horixon, their horizontal Diameters appear- 
ing of the ſame Length they would do if the Rays ſuffered no 
Refraction, while their vertical ones are ſhortened thereby. 


ceed 
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ceed afterwards, ſuppoſe in the Lines Ka, Lb; 
at 2 and þ where they pals out of the denſer 
Medium, they will be as much refracted the 
contrary Way, proceeding in the Lines ac, bd, 
parallel to their firſt Directions (ſee Chap. 
IV.); produce theſe Lines back till they 
meet in e, this will be the apparent Place of 
the Point R, and it is evident from the Figure 
that it muſt be nearer the Eye than that Point ; 
and becauſe the ſame is true of all other Pen- 
cils flowing from the Object AB, the Whole 
will be ſeen in the Situation fg, nearer to the 
Eye than the Line AB. 2d, As the Rays RK, 
RL would not have entered the Eye, but have 
_ paſſed by it in the Directions Kr, Lt, had they 
not been refracted in paſſing through the Me- 
dium, the Object appears brighter. zd, The 
Rays Ah, Bi, will be refracted at h and 7 in- 


to the leſs converging Lines hk, il, and at the 


other Surface into & M, IM parallel to Ah 


and Bz produced (ſee Chap. 4.), ſo that the 


Extremities of the Object will appear in the 
Lines M4, MI produced, viz. in F and g, and 
under as large an Angle F M, as the Angle A 
25 under which an Eye at q would have ſeen 


it, had there been no Medium interpoſed to 


refract the Rays; and therefore it appears /arger 


to the Eye at G H, being ſeen through the 
interpoſed Medium, than otherwiſe it would 


have done. But it is here to be obſerved, that 


the nearer the Point e appears to the Eye on 
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78 Of the Appearance Part III. 
Account of the Refraction of the Rays RK, 
RL, the ſhorter is the Image /g, becauſe it is 
terminated by the Lines My and Mg, upon 
which Account the Object is made to appear 
leſs; and therefore the apparent Magnitude of 
an Object is not much augmented by being 
ſeen through a Medium of this Form. 
Farther, it is apparent from the Figure, that 
the Effect of a Medium of this Form depends 
wholly upon its Thickneſs : for the Diſtance 
between the Lines Ry and ec, and conſequent- 
ly the Diſtance between the Points e and R de- 
pends upon the Length of the Line Ka: Again, 
the Diſtance between the Lines AM and FM, 
depends on the Length of the Line ; but both 
Ka and bk depend on the Diſtance between the 
Surfaces CE and DF, and therefore the Effect 
of this Medium depends upon its Thickneſs. 
Prop. III. An Object ſeen through a convex 
Lens, appears larger, brighter, and more diſ- 
tant, than with the naked Eye. 

To illuſtrate this, let AB (Fig. 39.) be the 
Object, CD the Lens, and EF the Eye. 1. 
From A and B the Extremities of the Object 
draw the right Lines AYr, BXr crofling each 
other in the Pupil of the Eye ; the Angle ArB 
comprehended between theſe Lines, is the 
Angle under which the Object would be feen 
with the naked Eye. But by the Interpoſi- 
tion of a Lens of this Form, whoſe Property 
it is to render converging Rays more ſo (fee 
Chap. IV.) the Rays AY and BX will be made 


to 
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to croſs each other before they reach the Pupil. 
There the Eye at E, will not perceive the 

Extremities of the Object by means of theſe 
Rays (for they will paſs it without entering), 
but by ſome others which muſt fall without the 
Points Y and X, or between them; but if they 
fall between them, they will be made to con- 
cur ſooner than they themſelves would have 
done, and therefore if the Extremities of the 


Object could not be ſeen by them, it will much 


leſs be ſeen by theſe. It remains therefore, 
that the Rays which will enter the Eye from 
the Points A and B after Refraction, muſt fall 
upon the Lens without the Points V and X; 
let then the Rays AO and BP be ſuch. Theſe 
after Refraction entering the Eye at r, the Ex- 
tremities of the Object will be ſeen in the Lines 
Q, rT produced, and under the optic Angle 
QT which is larger than ArB, and therefore 
the apparent Magnitude of the Object will be 
increaſed. 2. Let GHI be a Pencil of Rays 
flowing from the Point G; as it is the Property 
of this Lens to render diwerging Rays leſs di- 
verging, parallel or converging (ſee Chap. 
IV.) it is evident, that ſome of thoſe Rays. 
which would proceed on to M and N and miſs 
the Eye, were they to ſuffer no Refraction in 
paſſing through the Lens, will now enter it; 

by which means the Object will appear bright- 
er. 3. Asto the apparent Diſtance of the Ob- 
ject, that will vary according to the Situation 


of 
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of it with reſpect to the Focus of parallel Rays 
of the Lens. 1. Then, let us ſuppoſe the Ob- 
ject placed ſo much nearer the Lens than its 
Focus of parallel Rays, that the refracted Rays 
KE and LF though rendered leſs diverging . 
by paſſing through it, may yet have a conſider- 
able Degree of Divergency, ſo that we may 
be able to form a Judgment of the Diſtance of 
the Object thereby. In this Caſe, the Object 
ought to appear where EK, FL produced back 
concur, which, becauſe they diverge leſs than 
the Rays GH, GI, will be beyond G, that is, 
at a greater Diſtance from the Lens than the 
Object is. But becauſe both the Brightneſs and 
Magnitude of the Object will at the ſame Time 
be augmented, Prejudice will not permit us to 
judge it quite ſo far off as the Point where thoſe 
Lines meet, but ſomewhere between that 
Point and its proper Place. 2. Let the Object 
be placed in the Focus of parallel Rays, then 
will the Rays KE and LF become parallel 
(ſee Chap. IV.) and though in this Caſe 
the Object would appear at an immenſe Di- 
ſtance, if that Diſtance were to be judged of by 
the Direction of the Rays KE and LF, yet 
upon Account of the Brightneſs and Magnitude 
of it, we ſhall not think it much farther from 
us, than if it were ſeen by the naked Eye. 3. 
If the Object be ſituated beyond the Focus of 
patallel Rays, as in AB (Fig. 40.) the Rays 


flowing from thence and falling pen the 25 
D 
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CD, will be collected into their reſpective Foci 
at a and 6, and the intermediate Points m, u, 

Se. and will there form an Image of the Ob- 
ject AB; and after croſſing each other in the 
ſeveral Points of it, as expreſſed | in the Figure, 


will paſs on diverging as from a real Object. 


Now if an Eye be fituated at c, where Ac, 
Be, Rays proceeding from the extreme Points 
of the Object, make not a much larger Angle 
AcB, than they would do if there were no Lens 
interpoſed ; and the Rays belonging to the 
ſame Pencil do not converge ſo much as thoſe 
the Eye would receive, if it were placed nearer 
to a or b, the Object upon theſe Accounts 
appearing very little larger or brighter than 


with the naked Eye, is ſeen nearly in its pro- 


per Place; but if the Eye recedes a little Way 
towards ab, the Object then appearing both 
brighter and larger, ſeems to approach the 
Lens + : which is an evident Proof of what has 


+ That the Object ſhould ſeem to approach the Lens in this 


Caſe, was a Difficulty that exceedingly puzzled the learned 


Barrow, and which he pronounces inſuperable, and not to be ac- 
| counted for by any Theory we have of Vion. Molineuæ allo 
leaves it to the Solution of others, as that which will be inex- 
plicable, til! a more intimate Knowledge of the viſive F aculty, 
as he expreſſes it, be obtained by Mortals. | 

They imagined, that ſeeing an Object appears farther H 
the /z/s the Rays diverge which fall upon the Eye; if they 
ſhould proceed parallel to each other, it ought to appear exceed- 
ingly remote, and if they ſhould converge, it ſhould then appear 
more diſtant ſtill: The Reaſon of this was, becaule they looked 
upon the apparent Place of an Object, as owing only to the Di- 
rection of the Rays whatever it was, and not at all to its appa- 
rent Magnitude or Splendor. 
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been fo often aſſerted, vig. that we judge of 
the Diſtance of an Object in ſome Meaſure by 
its Brightneſs and Magnitude *; for the Rays 
. converge the more the farther the Eye recedes 
from the Lens; and therefore if we judged of 
the Diſtance of the Object by the Direction of 
the Rays which flow from it, we ought in this 
Caſe to conceive it at a greater Diſtance, than 
when the Rays were parallel, or diverged at 
their Entrance into the Eye. 

Prop. IV. If an Object be placed farther 
from a convex Lens, than its Focus of parallel 
Rays, and the Eye be ſituated farther from it 
on the other Side, than the Place where the 
Rays of the ſeveral Pencils are collected into 
their reſpective Foci, the Object appears in- 
verted, and pendulous in the Air, between the 
Eye and the Lens. 

To explain this, let AB (Fig. 40.) repre- 
ſent the Object, CD the Lens, and let the 
Rays of the Pencil ACD be collected in a, and 
thoſe of BCD in 6, forming there an inverted 
Image of the Object AB, and let the Eye be 
placed in F: It is apparent from the Figure, 
that ſome of the refracted Rays which paſs 
through each Point of the Image, will enter 


* Perhaps it may proceed from our judging of the Diſtance 
of an Object in ſome Meaſure by its Magnitude, that that De- 
ception of Sight commonly obſerved by Travellers may ariſe ; 
ix. that upon the firſt appearing of a Building larger than uſual, 


as a Cathedral Church, or the like, it generally ſeems nearer to 


them, than they afterwards find it to be, 


5 b the 
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the Eye as from a real Object in that Place; 
and therefore the Object AB will appear there, 
as the Propoſition aſſerts. But we are fo little 
accuſtomed to ſee Objects in this Manner, that 
it is very difficult to perceive the Image with 
one Eye; but if both Eyes are fituated in ſuch 
a Manner, that Rays dowing from each Point 
of the Image may enter both, as at G and H, 
and we direct our optic Axes to the Image, 'tis 
eaſy to be perceived. 

If the Eye be ſituated in 2 or h, or very near 
them on either Side, the Object appears exceed- 
ingly confuſed; viz. it at d, the Rays which 
proceed from the ſame Point of the Object con- 
verge ſo very much, and it at e, they diverg 
ſo much, that they cannot be collected er 
upon the Retina, but fall upon it as if they 


were the Axes of ſo many diſtinct Pencils com- 
ing through every Point of the Lens; where- 


fore little more than one ſingle Point of the 
Object is ſeen at a Time, and that appears all 
over the Lens; from whence nothing but Con- 
fuſion ariſes. 
If the Lens be ſo large that both Eyes may 
be applied to it, as in 5 and E, the Obea will 
appear double; for tis evident from the Figure, 
that the Rays which enter the Eye at Y from 
either Extremity of the Object A or B, do not 
proceed as from the fame Point with that from 
whence thoſe which enter the other at & ſeem 
to flow ; the Mind therefore is here deceived, 


F 2 ws 
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and looks upon the Object as ſituated in two 
different Places, and therefore judges i it to be 
double. x 
Prop. V. An Object ſeen through a concave 
Lens appears nearer, ſmaller, and leſs bright, 
than with the naked Eye. | 

Thus, let AB (Fig. 41.) be the Object, CD 
the Pupil of an Eye, and EF the Lens. Now, 
as it 1s the Property of a Lens of this Form, 
to render diverging Rays more ſo, and converg- 
ing ones leſs fo, the diverging Rays GH, GT, 
proceeding from the Point G, will be made to 
_ diverge more, and ſo to enter the Eye as from 
ſome nearer Point g; and the Rays AH, BI, 
which converge, will be made to converge 10105. 
and to enter the Eye as from the Points à and 
b; wherefore the Object will appear in the Si- 
tuation agb, Jeſs and nearer than without the 
Lens. Farther, as the Rays which proceed 
from G, are rendered more diverging, ſome of 
them will be made to paſs by the Pupil of the 
Eye, which otherwiſe would have entered it, 


and therefore x Point of the Object will ap- 
ond leſs bright &. | 


Prop. VI. 


* From what has been obſerved about the Properties of con- 
vex and concave Lenſes, we may ſee the Reaſon why the for- 
mer Sort are made Uſe of by old Peop/e to help their Sight; 
and the latter by thoſe who are purblind. Old People, as was 
obſerved before, having the Tunica Cornea of their Eyes too 
flat, require that the Obje& be placed at a greater Diſtance 
from them, than other People whoſe Eyes are of a juſt Form, 
that the Rays which enter the Pupils of their Eyes from the 


ſame 
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Prop. VI. An Object ſeen through a polygo- 
nous Glaſs, that is, ſuch as is terminated by 
ſeveral plain Surfaces, is multiplied thereby. 
For Inſtance, let A (Fig. 42.) be an Ob- 
jet, and BC a polygonous Glaſs terminated by 
the plain Surfaces BD, DE, Sc. and let the 
Situation of the Eye F be ſuch, that the Rays 
AB being refracted in paſſing through the Glaſs, 
may enter it in the Direction BF, and the Rays 
AC in the Direction CF. Then will the Eye 
by means of the former, ſee the Object in G, 
and by the latter in H; and by means of the 
Rays Al, the Object will appear alſo in its pro- 
per Situation A, DE, 


Thus much for the Principles of Dioptrics, 
and the Solution of ſome obvious Phanomena 
which tend to confirm the ſame : Thoſe which 
yet remain to be accounted for, ſhall, according 
to the Method we have hitherto obſerved, be 
treated of in the Diſſertation of this Part. 


ſame Point of the Object, may not diverge too much. Now a 
convex Lens makes thoſe Rays diverge leſs, as they would natu- 
rally do if the Obje& was placed farther off. Again, thoſe who 

are purblind, having the Tunica Cornea too protuberant, require 
ſuch a Lens as may render thoſe Rays more diverging, leſt they 
ſhould be collected into their reſpective Foci before they fall up- 
on the Retina; and therefore Lenſes of the concave Sort are of 
Uſe to them. 


T 
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DIBEER TATION I. 
| Of zhz Horizontal Moon. 


IHE Phenomenon of the Horizontal Moon 
| is this: When the Moon is juſt above 
the Surface of the Earth, either immediately 
after ſhe 1s riſen, or juſt before ſhe ſets, ſhe ap- 
pears four or five Times greater in Diameter, 
than when ſhe is in her Meridian Altitude : 
And yet her apparent Diameter, if taken by an 
Inſtrument, is found to ſubtend the ſame An- 
ole in either Situation *. | 

The Moon's apparent Diameter being found 
to ſubtend the ſame Angle, whether ſhe be in 
the Horizon or Meridian, it is evident the 
Image of her projected upon the Retina of an 
Eye, is of the ſame Dimenſions in either Caſe; 
and therefore that ſhe ſhould appear of a dif- 
ferent Magnitude in one Situation from what 


* What is ſaid here of the Moon's Diameter, as taken by an 
Inftrument, muſt be underſtood of her horizontal Diameter, and 
not of her vertical one, for the Length of this is diminiſhed by 
Refraction (as explained Chap. VII. Note the firſt) and, there- 
fore, if it be taken by an Inſtrument, it will not be found to 
ſubtend the ſame Angle in the Horizon as in the Meridian; 
But notwithſtanding this, it appears longer to the naked Eye 


when in the former, than in the latter Situation, as well as the 
horizontal Diameter, 
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ſhe does in the other, has always been Matter 
of great Speculation among the Connoiſſeurs 
both in Optics and Aſtronomy. Des Cartes 


was of Opinion, that we think the Moon 
larger when ſhe is in the Horizon, than when 


ſhe is in the Meridian, becauſe in the former 
Caſe by comparing her Diſtance with that of 
interpoſed Objects, we imagine it greater than 


when ſhe is elevated: And that as we judge 


her Diſtance greater in that Situation, we of 
Courſe think her Diameter longer, becauſe it 
ſubtends the ſame Angle in either Caſe. But 


more of this by and by, when we come to 


the Explication Dr. Wallis has given of this 
Matter. . 

Gaſſendus was of Opinion, that becauſe the 
Moon appears leſs bright when in the Horizon 


than in the Meridian, we view her in the for- 


mer Situation with a larger Pupil, than we do 
in the latter; and from thence he concludes, 
that the Image of her upon the Retina muſt be 
larger. But this is contrary to the Laws of 
Optics; for if the refractive Power of the Hu- 
mours of the Eye collects the Rays of the ſe- 
veral Pencils into their reſpective Foci upon 
the Retina (and there is no Reaſon to ſuppoſe 
the contrary in this Caſe) the Breadth of the 
Pupil makes no Alteration in the Magnitude 
of the Image; becauſe the Situation of thoſe 
Foci is determined by the Axes of the ſeveral 
Pencils, which crofling each other in the Cen- 
| SS ter 
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ter of the Pupil (as was ſhewn Chap. VI. pag. 
61. in the Note) paſs on to the ſame Points 
of the Retina, whether the Pupil be broad or 
narrow. 

Molineux in the Philoſophical Tranſactions 
No. 187. tells us of a certain French Abbe, 
that revived the forementioned Suppoſition of 
Gaſſendus, and adding two others of his own, 
endeavoured to account for this Phenomenon. 
His Suppoſitions were theſe, vis. That this 
«© contracting and enlarging the Pupil (ſup- 
** poſed by Gaſſendus) cauſeth a different 
Shape in the Eye; an open Pupil making 
© the Cryſtalline flatter, and the Eye longer, 
* and the narrower Pupil ſhortening the Eye, 
and making the Cryſtalline Humour more 
convex. The firſt attends our looking at 
Objects that are remote, or which we think 
ſo, the latter accompanies the viewing Ob- 
« jets nigh at Hand. Likewiſe an open Pu- 
<« pil and flat Cryſtalline attends Objects of 
«© a more ſedate Light, whilſt Objects of more 
« forcible Rays require a greater Convexity, 
and narrower Pupil. From theſe Poſitions, 
continues Molineux, the Abbe endeavoured 
% to give an Account of our Phenomenon, as 
« follows. When the Moon is nigh the Ho- 
** rizon, by Compariſon with interpoſed Ob- 
jects, we are apt to imagine her much far- 
ether from us than when more elevated, and 
** therefore we order our Eyes as for viewing 
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ce an Object farther from us; that is, we ſome- 
<« thing enlarge the Pupil, and thereby make 
« the Cryſtalline flatter ; moreover the Duſk- 
„ iſhneſs of the Moon in that ' Poſture does 
« not ſo much ſtrain the Sight; and conſe- 
« quently the Pupil will be more large, and 
c the Cryſtalline more flat; hence a larger 
«© Image ſhall be projected on the Fund of the 
« Eye, and, therefore, the Moon ſhall appear 
ee larger. Theſe two forementioned Accidents, 
« v/2. the Moon's imaginary Diſtance and 
ce Duſkiſhneſs, gradually vaniſhing as ſhe riſes, 
a different Species is hereby introduced in 
« the Eye, and conſequently ſhe ſeems gradu- 
ally leſs and leſs, till again ſhe approaches 

cc nigh the Horizon. 

As to what is taken for granted in this So- 1 
lution concerning a Change in the Cryſtalline | 
Humour and Form of the Eye, upon viewing 
an Object in a duſty or faint Light, that ſeems 

to be very ill grounded. We know of no ſuch 
Connection between the Muſcles of the Tris 
and thoſe of the Ligamenta Ciliaria, as is 
neceſſary to produce this Effect. And the 
Coats of the Eye are not ſo pliable, as eaſily 
to admit of an Alteration in their Form *. 

Could the Author have made good his other 


Suppoſition, vis, That by Compariſon with 


cc 


* See what has been obſerved concerning the Power we have 


of making an Alteration in the Eye, in order to ſee diſtinctiy, 
(Chap. VI. pag. 62.) | 
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interpoſed Objects wwe are apt to imagine her 
much farther from us, than when more ele- 
vated, he need not have had Recourſe to any 
other; this alone would have been ſufficient ; 
but hic Labor eff. This alone, I ſay, would 
have been ſufficient; for if by comparing her 
Diſtance with that of interpoſed Objects, we 
imagine it greater when ſhe is in the Horizon, 
than when ſhe is in the Meridian; as ſhe ſub- 
tends an equal Angle in both Caſes, we muſt 
in Conſequence thereof (agreeably to Des 
Cartes's Notion above-mentioned) imagine her 
to be bigger in the former Situation than in the 
latter; becauſe a diſtant Object cannot ſub- 
tend the ſame Angle at the Eye that one which 
is nearer does, unleſs it be proportionably 
la 1 N by 

The famous Hobbs endeavoured at a Solu- 
tion of this Phenomenon, but it is hardly 
worth mentioning : The Figure he has drawn 
to explain his Solution by, ſeems to have 
been the Occaſion of his Error. He draws a 
Circle to repreſent that blue Surface common- 
ly called the Sky, in which the heavenly Bo- 
dies ſeem to be fixed, and concentric to this, 
a leſſer, to repreſent the Surface of the Earth, 
but vaſtly too big in Proportion; ſo that a 
SpeQator upon the Surface of this Farth, is 
_ conſiderably nearer to the upper Part of the 


See Chap. VI. pag. 71. 
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other Circle than to the Sides of it: Where- 
fore an Object that ſubtends the ſame Angle at 
different Heights muſt neceſſarily hide a great- 
er Portion of that Ark when it is in the Hori- 
zon, than when it is in the Meridian; becauſe 
that Ark is farther behind the Object in the 
former than in the latter Situation; from 
whence he concludes that the Moon muſt ap- 
pear bigger in that Situation than in the Me- 
ridian. Had he drawn his Circles in any tole- 
rable Proportion to that which he deſigned them 
to repreſent, he would eafily have ſeen his | 

_ Miſtake, 

A few Years ago Mr. De Veil publiſhed a 
Treatiſe upon the Subject of the Horizontal 
Moon, which he dedicates to the Ladies of 
Northampton. If 1 remember right, his Solu- 

tion of it was in the following Manner: 1. 

When an Object is placed beyond the Focus of 
parallel Rays of a convex Lens, the farther 
the Eye (ſituated on the other Side the Lens) 
recedes from it towards the Focus of the Rays 
which flow from that Object, the larger that 
Object appears. 2. Rays of Light flowing 
from the Moon, and paſſing through the Atmo- 
ſphere of the Earth, are collected into a Focus 
on the other Side of it. 3. When the Moon 
is in the Horizon, we are nearer to this Focus 
by almoſt a Semidiameter of the Earth, than 
when ſhe is in the Meridian: And therefore, | 
the Moon ought to appear larger when in the | 
tormer than in the latter Situation. ; 
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The Propoſitions in this Solution are all true, 
but the Second 1s not applicable in the preſent 
Caſe; for unleſs we conſider the Refraction that 
Rays of Light which flow from the Moon, and 
paſs through the Atmoſphere of the Earth, 
ſuffer in their Emerſion, that is, while they 
paſs through the latter Half of it, as well as 
that which they ſuffer in their Immerſion, or 
while they paſs through the former Half, we 
ſhall find that they will not be collected into 
their reſpective Foc: on the other Side the 
Earth, as this Gentleman imagines : Which if 
it can be ſhewn, his Solution falls to the Ground 
of Courſe; for the Refraction which the Rays 
ſuffer in their Emerſion is not to be taken into 
Conſideration, becauſe they reach the Eye of 
a Spectator upon the Earth as ſoon as they 
have paſſed through the firſt Half of the At- 
moſphere, when the Moon is in his Horizon ; 
and before they have paſſed through that Half, 
when ſhe is in his Meridian. 

Let us then imagine two Rays flowing from 
one and the ſame Point of the Surface of the 
Moon, it being neceſſary in order to conſtitute 
a Focus that ſuch Rays ſhould after Refraction 
meet in a Point; the meeting of ſuch as flow 
from different Points in the ſame Surface is not 
ſufficient ; if it were, we might then have Foci 
where we pleaſed, and that as well without 
refracting or reflecting Surfaces as with them. 
And let the firſt of thoſe two Rays fall perpendi- 
cularly wo the Atmoſphere of the Earth, bon 
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be ſuppoſed to paſs through the Center of it; 
and let the other after Refraction paſs by the 
Surface of the Earth. Now, the Moon's Pa- 
rallax, that is, the Angle under which the Se- 
midiameter of the Earth is ſeen from the Moon, 
being about one Degree, it is evident that theſe 
Rays muſt, before their Incidence upon the 
_ Earth's Atmoſphere, diverge the one from the 
other by ſuch an Angle. But it appears from 
Sir Iſaac Newton's Table of Refractions pub- 
liſhed by Dr. Halley in the Philoſophical Tranſ- 
actions, No. 368. that, when any of the heaven- 
ly Bodies appears in the Horizon, the Rays by 
which it is ſeen, are refracted but by an Angle 
of thirty-three Minutes and forty-five Seconds ; 
and therefore the Ray which we have ſappoſed 
after Refraction to paſs by the Surface of the 
Earth will be refracted only by ſuch an Angle; 
which falling conſiderably ſhort of one Degree, 
the Angle by which it diverged from the per- 
pendicular one before Refraction; it will be fo 
far from being made to converge towards it 
thereby, that it will {till be in a State of Diver- 
gency from it. And therefore Rays flowing 
from the Moon and refracted only in their Im- 
merſion into the Atmoſphere of the Earth, will 
not be collected into their reſpective Foci on the 
other Side: Which was to be ſhewn. _ 
Dr. Wallis in the Philoſophical Tranſactions, 
No. 187. gives us a Solution of the Horizontal 
Moon (or rather an Explication of what Des 
Cartes had Ben before) which is as follows: 


He 
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He afcribes this Phænomenon to the Deception 
of the Imagination, and accounts for that De- 
ception in the following Manner: He obſeryes, 
firſt, That the Imagination doth not eſtimate 
the Greatneſs of an Object ſeen, by the optic 
Angle only, but by this compared with the 
fuppoſed Diſtance. So that if two Things are 
ſeen under the fame or equal Angles, and if, 
upon any Account whatever, we apprehend one 
of thefe to be farther from us than the other, 
that which we apprehend to be farther from 
us, will to the Imagination appear greater, 
Secondly, That one great Advantage for eſti- 
mating the apparent Diſtance. of any Thing, 
is from the Variety of intermediate Objects be- 
tween the Eye and the Thing ſeen ; for then 
the Imagination muſt allow Room for all thoſe 
Things. 

% Now, ſays he, when the Sun “or Moon 
te js near the Horizon, the Proſpect we have of 
« Hills and Valleys, Plains and Woods, &c. 
<< repreſent to our Imagination a great Diſtance, 
e capable of receiving all theſe : Or, if it hap- 
ce pens that theſe interpoſed Objects are not 
cc actually ſeen, yet, having been accuſtomed 
< to ſee them, the Memory ſuggeſts to us a 
« View as large as is the viſible Horizon. 

BBut when the Sun or Moon is in an high- 
« er Poſition, we ſee nothing between us and 
« them (unleſs, perhaps, ſome Clouds) and 


»» For the Sun appears larger in the Horizon, as well as the 
Moon. | 


e there- 
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« therefore nothing that can preſent to our 
Imagination ſo great a Diſtance as the other 
« is. And therefore, though both be ſeen un- 
« der the ſame Angle, they do not appear (to 
the Imagination) of the ſame Bigneſs, be- 
ce cauſe not fanſied at the fame Diſtance : But 
« that near the Horizon is judged bigger (be- 
t cauſe ſuppoſed farther off ) than the ſame, 
„ when at a greater Altitude.” 
If I might be allowed to mention any Thing 
of my own, after theſe great Geniuſes have 
wor their Opinions upon this Matter, it ſhould 
e this, viz. That I have. often thought, that 
he who would give a rational Account, why 
the Sun or Moon appears farther from us in the 
Horizon than in the Meridian (for that is all 
that is requifite, towards a Solution of the Ho- 
r1Sontal Moon, as has been already obſerved) 
ſhould firſt ſhew why that apparent azure Sur- 
face we call the Sky, does not ſeem to be an en- 
tire concave Hemiſphere, but only a Portion of 
ſuch an one: For our judging the Heavens to 
be no more than ſuch a Portion, is undoubtedly 
the Cauſe why we judge both the Sun, Moon, 
and Stars to be farther from us when in the Ho- 
rizon than in the Meridian; becauſe we have 
nothing elſe we can refer their Places to, but 
that. 
Now, poſſibly, the Cauſe why we think the 
Heavens of that Form may after all be only 
this, v:z. That, as the Rays which come from 
the upper Parts of that imaginary Surface, the 
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Sky, paſs through a leſs Portion of the Aumo- 
ſpbere than ſuch as come from the horizontal 
Parts of it, the Sky appears to us more diſtinct- 
by, and generally more bright in thoſe Parts 
than in the latter; and therefore, fince we 
daily obſerve that thoſe Objects which appear 
moſt diſtinct are generally ſuch as are neareſt 
to us, and alſo as bright Objects, when we 
have nothing but Wing Imagination to deter- 
mine us in- eſtimating the Diſtance of them, 
appear nearei to us than the ſame Objects when 
leſs ſo*, we think the upper Parts of the Sky 
nearer us than the lower. Wherefore, fince we 
refer all the heavenly Bodies to this Surface, we 
neceſſarily imagine them farther from us, and 
conſequently larger, and alſo more diſtant from 
each other , when near the Horizon, than 
when they are arrived at their meridian Al- 
titude. 


* See what has been ſaid concerning the Brightneſs of an 
Object being a Means whereby it appears nearer us, under 
Prop. 3. of the 7th Chapter. 

- + The apparent horizontal Diſtance of two Stars from one 
another 1s obſerved to be greater, when they are in the Horizon, p 
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than in the Meridian. 
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